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Ocena osiqgniec¢ naukowych

Dr Anny Myszki

adiunkta w Instytutucie Nauk Biolgicznych Uniwersytetu Kardynata Stefana Wyszynskiego w Warszawie

ubiegajqcej sie o nadanie stopnia doktora habilitowanego w dziedzinie nauk scistych
i przyrodniczych w dyscyplinie nauki biologiczne

Podstawa prawna i ocena formalna

Ustawa z dnia 20 lipca 2018 r. Prawo o szkolnictwie wyzszym i nauce (Dz. U. 2022 r. poz
574, Uchwala Nr 200/2019 Senatu Uniwersytetu Kardynata Stefana Wyszyfiskiego w
Warszawie z dnia 23 pazdziernika 2019 r. i Uchwata Rady Dyscypliny Nauk Biologicznych
10/2023 r. w sprawie powotania komisji habilitacyjnej w postgpowaniu o nadanie stopnia
doktora habilitowanego dr Annie Myszce.

W szczegolnosci odnosilem sig do literalnego brzmienia art. 219 obecnej wersji Prawa o
szkolnictwie wyzszym (Dz. U. z 2022 r. poz. 574), ktérego brzmienie kopiuj¢ ponizej:

Art. 219. 1. Stopien doktora habilitowanego nadaje sie osobie, ktora:
1) posiada stopien doktora;

2) posiada w dorobku osiqgnigcia naukowe albo artystyczne, stanowiqce znaczny wkiad w
rozwdj okreslonej dyscypliny, w tym co najmniej:

a) 1 monografie naukowq wydanq przez wydawnictwo, ktore w roku opublikowania
monografii w ostatecznej formie bylo ujete w wykazie sporzqdzonym zgodnie z przepisami
wydanymi na podstawie art. 267 ust. 2 pkt 2 lit. a, lub

b) 1 cykl powiqzanych tematycznie artykutow naukowych opublikowanych w czasopismach
naukowych lub w recenzowanych materialach z konferencji miedzynarodowych, ktére w roku
opublikowania artykulu w ostatecznej formie byly ujete w wykazie sporzqdzonym zgodnie z
przepisami wydanymi na podstawie art. 267 ust. 2 pkt 2 lit. b, lub

¢) 1 zrealizowane oryginalne osiqgnigcie projektowe, konstrukcyjne, technologiczne lub
artystyczne,



3) wykazuje sie istotnq aktywnosciq naukowq albo artystycznq realizowanq w wiecej niz
Jjednej uczelni, instytucji naukowej lub instytucji kultury, w szczegdlnosci zagranicznej.

2. Osiqgniecie, o ktorym mowa w ust. 1 pkt 2, moze stanowi¢ czesé pracy zbiorowej, jezeli
opracowanie wydzielonego zagadnienia jest indywidualnym wkitadem osoby ubiegajqcej sie o
stopien doktora habilitowanego.

Odniostem sig takze do art. 3. 2 i do art. 128, 1 Ustawy:
Art. 3.

2. System szkolnictwa wyzszego i nauki funkcjonuje z poszanowaniem standardow
miedzynarodowych, zasad etycznych i dobrych praktyk w zakresie ksztalcenia i dziatalnosci
naukowej oraz z uwzglednieniem szczegolnego znaczenia spolecznej odpowiedzialnosci nauki.

Art. 128.

1. Nauczyciel akademicki, ... podlega ocenie ... , w szczegdlnosci w zakresie wykonywania
obowiqzkow, o ktorych mowa w art. 115, oraz przestrzegania przepiséw o prawie autorskim i
prawach pokrewnych

Oceny osiagnigcia naukowego pt. ,,Zmiany zwyrodnieniowe stawéw w dawnych populacjach
szkieletowych — problemy badawcze i interpretacyjne, perspektywy badawcze” oraz
aktywnosci naukowej dr Anny Myszki dokonalem na podstawie przestanych mi przez
Przewodniczacego Rady Dyscypliny Nauki Biologiczne UKSW Dyrektora Instytutu Nauk
Biologicznych UKSW prof. dr hab. Jacka Tomczyka dokumentow.

Uwazam, ze przekazana mi dokumentacja zwigzana z postgpowaniem habilitacyjnym dr
Myszki jest pelna i przygotowana zgodnie z obowiazujacymi obecnie przepisami i
zaleceniami.

Opinia

1. Stwierdzam, Ze zgodnie z art. 219, 1 Anna Myszka posiada stopien doktora nauk
biologicznych w zakresie biologii uzyskany w 2006 r. na Wydziale Biologii Uniwersytetu im.
Adama Mickiewicza w Poznaniu. Tytul: ,,Rekonstrukcja budowy somatycznej cztowieka na
podstawie wybranych cech szkieletu”.

2. Dr Myszka przedstawita jako swoje osiagnigcie naukowe stanowiace znaczny wklad w
rozwdj dyscypliny ,,nauki biologiczne” zestaw czterech wspodtautorskich prac
opublikowanych w latach 2019-2022 w czasopismach mi¢dzynarodowych o umiarkowanym
zasiggu (IF 0,877-2.064, MEiN2020 40-100 punktéw). We wszystkich czterech pracach, Dr
Myszka jest pierwszym autorem podczas gdy jednym ze wspétautoréw jest jej obecny
przelozony, prof. dr hab. Jacek Tomczyk. W odniesieniu do wszystkich czterech prac dr
Myszka tak charakteryzuje jej wktad w ich powstanie: ,,Mdj wktad w powstanie tej pracy
polegat na przygotowaniu koncepcji badan, przeprowadzeniu badar laboratoryjnych
materiatu kostnego, udziale w analizie wynikow, interpretacji wynikéw,przygotowaniu
Dierwszej wersji manuskryptu, ktory byl nastepnie recenzowany przez pozostalych



wspotautoréow”. Wynika z tego, ze w zasadzie wszystkie prace wchodzace w sklad jej
osiaggnigcia naukowego sa wynikiem jej oryginalnej pracy naukowej podczas gdy wklad
wspdlautoréw byt minimalny. To stwierdzenie stawia pod znakiem zapytania etyke
zawodowa autorow przedstawionych prac gdyz kryteria autorstwa prac naukowych wymagaja
istotnego wkladu intelektualnego w sformutowanie tematyki pracy, wykonanie badan lub ich
tworcza interpretacjg. Zacytujg tu jedna z wielu definicji autorstwa sformulowana przez
redakcje NATURE:

“Each author is expected to have made substantial contributions to the conception or
design of the work; or the acquisition, analysis, or interpretation of data; or the creation of
new software used in the work; or have drafted the work or substantively revised it”.

0d ¢wieréwiecza bytem i jestem Editor-in-Chief, lub czionkiem rad wydawniczych
(Member of the Editorial Board) miedzynarodowych czasopism wydawanych przez
Elsevier i Springer Nature, jak rowniez gtéwnego polskiego czasopisma w specjalnosci
dr Myszki ( Przeglad Antropologiczny/Anthropological Review) gdzie uzywa sie
kryteriéw autorstwa podobnych do zacytowanych powyzej. W przypadku dr Myszki
istniejg dwie interpretacje jej oSwiadczenia o autorstwie prac wchodzacych w sktad
,0siggniecia” - albo przesadza ona swéj wklad w powstanie przedstawionych czterech
prac, albo jej wspétautorzy postapili nieetycznie dopisujgc swoje nazwiska do listy
autoréw. Tak czy inaczej, postepowanie dr MyszKi jest kwestionowalne etycznie bo, co
najmniej, zgadzala sie na nieuzasadnione ,dopisywanie” wspétautoréw do jej prac.

Dr Myszka stusznie zidentyfikowata generalny problem badawczy, ktéremu jest
poswiecone jej ,osiagniecie” - brak zrozumienia przyczyn zmian zwyrodnieniowych
stawéw pomiegdzy ludzkimi ko$¢mi, a co za tym idzie, brak mozliwo$ci interpretacji
warukow zycia i choréb dawniejszych ludzi na podstawie obserwacji materiatéw
szkieletowych. Celem przyczynienia sie do rozwigzania tego problemu, przeprowadzita
ona szereg obserwacji wystepowania takich zmian w zbiorach szczatkéw szkieletowych
pochodzacych z kilku dawnych populacji z terenu Polski datowanych od wczesnego
$redniowiecza do wczesnych czaséw nowozytnych. Liczebno$¢ jej materiatéw jest
wystarczajgca do wyciggania wnioskéw z analiz statystycznych, dane zostaty zebrane
standardowymi metodami uznanymi miedzynarodowo i, w wiekszo$ci przypadkow,
poprawnie zanalizowane statystycznie. W pracy 01 dr Myszka stwierdzita pewien
zwigzek artretyzmu z nateZeniem urzezbienia miejsc przyczepu miesni do kosci
wyciggajac wniosek o wptywie aktywno$ci ruchowej na pojawianie sie zmian
zwyrodnieniowych stawdw. Badajac w pracy 02 zwigzki pomiedzy trzema objawami
patologicznymi zmian zwyrodnieniowych stawéw - wyroslami kostnymi, porowatoscia
powierzchni stawowych i wyszlifowaniem powierzchni stawowych - autorzy stwierdzili
brak wyraznych zwigzkéw pomiedzy nimi z wyjatkiem korelacji (rho Spearmana)
pomiedzy wyros$lami kostnymi i porowatos$cig powierzchni stawéw. Korelacja ta, cho¢
formalnie istotna statystycznie, nie przekracza wartosci rho 0,370, co oznacza, ze
zmienno$¢ wystepowania wyro$li wyjasnia nie wiecej niz 14 procent wystepowania
porowatosci. Jest to zwigzek staby. Ten wynik, jakkolwiek uzyskany na podstawie
poprawnie przeprowadzonych obserwacji nie wzbogaca wiedzy a tylko potwierdza to co
od dawna wiadomo. Przypominam sobie, Ze gdy w roku 1972 uczytem sie paleopatologii
od $p profesora Michata ¢wirko-Godyckiego, praktykujacego lekarza habilitowanego do
antropologii, m6wit on nam o istnieniu tego wtasnie zwigzku.

Praca O3 przedstawia wyniki badaf wystepowania zmian artretycznych w materiatach
szkieletowych odkopanych w Radomiu i datowanych od XIV do XIX wieku. Dr Myszka i



jej wspoétautorzy wykazali brak zmian czestos$ci wystepowania zwyrodnieniowych ‘
zmian stawow w obserwowanym przedziale chronologicznym. Autorzy wyciagneli stad
whniosek, Ze obserwowane zmiany zwyrodnieniowe nie sa dobrym wskaznikiem statusu
spoteczno-ekonomicznego czy generalnego stanu zdrowia dawnych populacji. Jest to
whniosek stuszny i warto$ciowy. Czesto, i niestusznie, uwaza sie, ze wynik ,negatywny”
(np. brak zmian w czasie, lub rézZnic pomiedzy grupami osobniké6w) jest mato
warto$ciowy w literaturze naukowej, podczas gdy takie wyniki falsyfikuja niepoprawne
interpretacje. Wystarczy wspomniec¢ stwierdzenie braku réznic we wspo6tczynnikach
sinteligencji” mezczyzn i kobiet. Wynik uzyskany w badaniu materiatéw szkieletowych z
Radomia moze, na przyktad, wskazywac, Ze pewna cze$¢ przypadkoéw artretyzmu ma
podioze genetyczne o czym autorzy wspominajg tez w innych ich pracach.

Praca 04 testuje interesujaca hipoteze okreslang jako ,bone former”. Ta hipoteza
stanowi, ze istnieje zr6znicowanie gnetyczne tendencji do wytwarzania dodatkowej
tkanki kostnej u os6b dorostych (patrz wyzej). Autorzy testujg te hipoteze korelujac
wystepowanie wyroS$li kostnych na kregostupie z ich wystepowaniem na innych
czeéciach szkieletu uzywajac obserwacji zebranych na materiale szkieletowym z Lekna,
cze$ciowo zanalizowanych juz do pracy przedstawionej jako 01. Chociaz zastosowali
nieprawidtowa metode badania korelacji pomiedzy cechami mierzonymi w kategoriach,
uzyskali wyniki wskazujace na istotne wspoétzaleznoSci potwierdzajace hipoteze ,bone
former”. Korelacja rang Spearmana, ktéra zastosowali autorzy, moze by¢ stosowana
tylko do monotonicznych relacji pomiedzy zmiennymi mierzonymi w sposéb ciagly
(skala przedziatowa [intrwatowa]) lub zmiennymi mierzonymi w skalach porzadkowych
(ordinal scales), a nie w skalach kategorycznych.

Dr Myszka tak podsumowata zawartos¢ czterech publikacji przedstawionych jako
»0siggniecie naukowe”:

,» Wybrane przeze mnie prace, ..., uwazam za istotne, gdyz: (a) uzupeitniajq wiedze na temat
zmian zwyrodnieniowych stawow w badaniach szkieletowych; (b) zbierajq, porzqdkujq i
systematyzujq dotychczasowq wiedze, poglady badaczy na temat tych tak powszechnych, a
rodzqcych szereg problemow, zmian patologicznych koséca; (c) uzupetniajq dotychczasowe
wyniki badan.”

Jakkolwiek zgadzam si¢ z tym podsumowaniem, nie jestem pewien czy uzupelnianie
dotychczasowych wynikow badan w sposdb istotny zmienia stan naszej wiedzy na temat
zmian zwyrodnieniowych stawow. Nadal wiemy, ze wigkszo$¢ ich przyczyn pozostaje
nieznana i ze nie mozemy obserwacji tych zmian w szczegoélnych zbiorach materiatéw
szkieletowych stosowa¢ jako wskaznikoéw stanu zdrowia czy warunkow spoteczno-
ekonomicznych dawnych grup ludzkich. Dr Myszka wykazata, ze przy wspolpracy szeregu
wspolautordw, potrafi poprawnie zastosowac istniejace juz metody badawcze do kilku
zbiorow materialow szkieletowych reprezentujacych dawne populacje i zinterpretowad
wyniki tak zebranych obserwacji na tle danych 1 interpretacji z literatury.

Jako biologa razi mnie uzywanie w przedstawionych publikacjach zwrotu ,,populacje
szkieletowe”. Zwrot ten jest uzywany w niektérych innych publikacjach migdzynarodowych,
ale ten fakt nie stanowi uzasadnienia by go bezkrytycznie uzywa¢. W moim rozumieniu
»populacja” w sensie biologicznym to zesp6l osobnikéw zdolny do samodzielnej reprodukcji,
lub w demografii wszyscy mieszkancy jakiego$ kraju, regionu, miasta.... W statystyce
»populacja” to wszystkie obiekty o szczegbdlnych badanych cechach, a nie ograniczona
liczebnie proba poddawana analizie. Na tle tych definicji ,,populacja szkieletowa” to



antylogia, bo szkielety nie moga si¢ rozmnazac, a kiedy bada si¢ okre§lona liczbe szkieletow,
trudno odnosi¢ wyniki takiego badania do wszystkich szkieletéw istniejacych gdziekolwiek.
Bezkrytyczne stosowanie zwrotOw pojawiajacych si¢ w literaturze nie $wiadczy dobrze o
samodzielno$ci intelektualne;.

3. Dr Anna Myszka prowadzila i prowadzi istotng aktywno$¢ naukowa w wigcej niz jednej
uczelni lub instytucji naukowej. Ta aktywnos¢ jest udokumentowana szeregiem publikacji
(D1-D23 i DM1-DM7), wystapien na konferencjach, udziatem w popularyzacji wiedzy i
prowadzeniem zaje¢ dydaktycznych na uczelniach innych niz ta gdzie jest zatrudniona na
pelnym etacie (np. w Uniwersytecie Medycznym im Karola Marcinkowskiego w Poznaniu).
Dr Myszka, poza analizami materialéw szkieletowych zgromadzonych przez innych badaczy
prowadzi rowniez wlasne badania wykopaliskowe dostarczajace nowe materialy szkieletowe.
Jej wspotpraca naukowa obejmuje uczelnie w USA, Czechach i na Litwie oraz szereg
instytucji polskich, Zze wymienig tylko uniwersytety: Jagiellonski, £.6dzki, Warszawski i
Poznanski Medyczny, Przyrodniczy w Poznaniu, Szkote Gtowna Gospodarki Wiejskie;j,
instytuty Polskiej Akademii Nauk i muzea: Pierwszych Piastow na Lednicy i Ziemi
Dobrzynskiej w Rypinie.

Tematyka opublikowanych prac dr Myszki jest szersza niz tematyka jej ,,osiagnigcia™ i
obejmuje rekonstrukcje budowy ciala na podstawie cech szkieletu, cechy niemetryczne (tzw
cechy epigenetyczne) szkieletow, stan uzebienia w przeszlosci, urazy kosci czaszki, jak
réwniez prace z zakresu wirusologii. Szczegélnie te ostatnie wskazujg na umiejetnos$¢ dr
Myszki znacznego rozszerzania zakresu zainteresowan naukowych. Ponizej omawiam
pokrotee kilka jej publikacji, ktore zwrocily moja szczegdlng uwage:

DMI1 to monografia zawierajaca bardzo dobry przeglad literatury dotyczacej rekonstrukcji
budowy somatycznej cztowieka na podstawie cech szkieletéw a jej wyniki stanowia
wartosciowy wklad naukowy poréwnywalny, a moze nawet przekraczajacy, wartosé
obecnego ,,0siggnigcia”. Jest to publikacja rozprawy doktorskie;.

D21 praca wprowadza oryginalng klasyfikacj¢ uformowania miejsc przyczepéw migséni do
kosci

D15 analizuje otwdr nadklykciowy kosci ramiennej jako cechg patologiczng podczas gdy ten
otwor jest czgsto uwazany za normalny wariant anatomiczny

D10 sugeruje, Ze staby migsien tréjglowy ramienia moze powodowa¢ nadmierne
wyprostowanie (hyperxtension) stawu tokciowego. Wydaje sig, ze ten migsien, jako
prostownik stawu tokciowego, powinien by¢ szczegdlnie silny by powodowa¢ nadmierne
wyprostowanie podczas gdy staby antagonista prostownika tego stawu — miesien dwugltowy
ramienia — méoglby by¢ przyczyna hyperekstens;ji.

D3 dobry przeglad literatury
D8 rozlegly autoplagiat pracy O1. Zalaczam kopi¢ O1 gdzie zaznaczytem identyczny z D8
tekst i tabele. Poniewaz listy autorow obu prac nie sa identyczne istnieje mozliwos$¢ uznania

tej sytuacji za plagiat. Sczczegdly omawiam osobno ponize;j.

D17 - D20 autoplagiat wstepu



D15 — D16 autoplagiat wstepu i czesci streszczenia.
Naruszenie zasad etyki zawodowej i prawa autorskiego

W kilku pracach dr Myszki pojawiaja sig fragmenty tekstow skopiowanych verbatim z innych
jej prac (patrz wyzej). Jakkolwiek nieetyczne, postgpowanie takie moze by¢ wytlumaczalne
wymaganiem uzywania tekstu w jezyku angielskim, ktérego znajomos$é przez autorow moze
by¢ niekompletna i uzywaniem w kolejnych pracach tych samych materiatéw, lub metod.
Wisrdd prac, ktérych pierwszym autorem jest dr Myszka, sa jednak dwie prace, ktére poza
splagiaryzowaniem obszernych czesci tekstu 1 wielu tabel, naruszaja prawa autorskie
wydawnictw, ktore je opublikowaly i wspotautorow. W szczego6lnosci chodzi tu o :

01. Myszka A., Krenz Niedbata M., Tomczyk J., Zalewska M. 2020. Osteoarthritis: A problematic
disease in past human populations. A dependence between entheseal changes, body size, age, sex,
and osteoarthritic changes development. The Anatomical Record 303 (9), 2357-2371.

DOI: 10.1002/ar.24316. Epub 2019 Nov 18. © 2019 American Association for Anatomy,

Paper received 22 July 2019. Accepted 23 September 2019

D8. Myszka A., Piontek J., Tomczyk J., Zalewska M. 2020. Osteoarthritis—a problematic skeletal trait
in past human populations. Osteoarthritic changes vs. entheseal changes in the late medieval and

early modern population form Lekno. Anthropological Review 83 (2), 143-161. © 2020 Polish
Anthropological Society, Paper received 06 April 2020, Accepted 23 April 2020

Obie prace przedstawiaja wyniki otrzymane na postawie tych samych danych i prowadzace
do tych samych wnioskow, cho¢ uzyskane innymi metodami statystycznymi.

Na zataczonej kopii O1 zaznaczylem tekst, ktory jest identyczny w obu pracach i takiez
tabele. Program, ktorego uzywatem do zaznaczania PDF niedobrze radzi sobie z
zaznaczaniem tabel, podaj¢ wigc tutaj numery tabel o identycznej zawartosci w kolejnosci O1
—D8: T1=T1, T2=T2, T4=T3, T5=T4. W mojej ocenie 20 procent tekstu i 50 procent tabel
jest w obu pracach identyczne. Oczywiscie obie prace zawierajg poza zaznaczonymi,
fragmenty tekstu podobne do siebie cho¢ nie identyczne.

Praca zlozona p6zniej do druku (D8) nie cytuje wezesniejszej pracy (O1). Listy autoréw obu
prac nie sg identyczne. Narusza to prawa autorskie pominigtego autora (M. Krenz-Niedbala).
Choc¢ polskie prawo nie uznaje autoplagiatu za oczywiste przestepstwo, to naruszenie praw
autorskich American Association for Anatomy przez kopiowanie tekstu i tabel, ktore oni
opublikowali, w Anthropological Review jest przestepstwem w $wietle zaré6wno prawa
polskiego jak i migdzynarodowego. Autoplagiat jest uznawany za naruszenie zasad etyki
srodowiska naukowego. Ztozenie pracy do druku w Anthropological Review zaklada, Zze
sktadana praca jest oryginalnym tworem autoréw i jej zawarto$¢ nie jest publikowana gdzie
indziej. Jako jeden z redaktorow Anthropological Review zostatem oszukany przez autorow,
do ktorych, jako kolegéw, miatem zaufanie. Poréwnanie dat przyjecia do druku O1 i zlozenia
do druku D8 nie pozostawia watpliwosci, ze autorzy D8 dziatali z premedytacja zatajajac
opublikowanie wczesniej w Anatomical Record istotnych czgsci pracy sktadanej do druku w
Anhropological Review.

Prawda jest najwyzsza warto$cia w nauce. Postgpowanie celowo falszujace prawdziwy stan
rzeczy dyskwalifikuje pracownikéw zajmujacych etaty naukowe i naukowo-dydaktyczne, W
tym przypadku to stwierdzenie odnosi si¢ do wszystkich autoré6w pracy D8, nie tylko do dr
Anny Myszki.



Biorac pod uwage opisany szczegdélowo powyzej przypadek, jak rowniez, wspomniane
wczesniej, mniej drastyczne przypadki naruszania przez nig etyki publikacji naukowych, nie
mam zaufania do prawdziwosci przedstawianych przez dr Myszke w jej pracach wynikow i
wnioskow, a co za tym idzie do wartosci jej dorobku naukowego. M6j brak zaufania odnosi
sie takze do wartoéci jej przyszlej dziatalno$ci akademickie;.

%5 - ‘*“'z”“"“”“’r

Prof. dr hab. dr h.c. Maciej Henneberg, FRSB
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Osteoarthritis: A problematic disease in past human populations.
A dependence between entheseal changes, body size, ape, sex, and
osteoarthritic changes development
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(Rothschild & Woods, 2012, Weiss & Jurmain, 2007; Zhang
et al., 2017), its interpretation raises many doubts, The relation:
ships between OA Changes and some etiological  factors
(ag. age, %mmmmm@)mw
op 5, and in’ many cases; (hese daia
do [0y G Ath chinical wiews (Weiss & Jurmain, 2007).
OA is thought to be a classic age-related disorder
(Anderson & Loeser, 2010). Taking contemporary data, OA
is a progressive disease that affects 60% of males and 70%
of females over the age of 65 (Sarzi-Puttini et al., 2005), as
well as more than 30% of adults between 45 and 64 years of
age (WHO, 2003). A strong dependence between age and
OA is thought to be connected with biochemical changes in
the cartilage that make it weaker and less resistant to biome-
chanical stress (Alexander, 1990). There is no such homoge-
neity in anthropological literature results regarding age
differences in OA. An increase of OA changes with age was
observed by Waldron (1991) in the Georgian and early Vic-
torian London skeletal population (18th-19th), by Weiss
(2006) in Californian Amerinds (500-1500 AD), by Molnar,
Ahlstrom, and Leden (2011) in the Neolithic hunter—gatherer
populations from Gotland (Sweden), and by Eng (2016) in
Bronze and Iron Age skeletal collections from China and
Mongolia. However, nonsignificant age differences in OA
have also been observed by Palmer, Hoogland, and Waters-
Rist (2016) in the post-medieval Dutch population. In stud-
ies by Woo and Pak (2013) for Joseon Dynasty population
from Korea (15th-20th century), and Schrader (2012) for
Tombos population (Nubia) of New Kingdom Period
(15501069 BC) older individuals had greater OA changes,
but the correlation was significant only for a few joints.
Sex is thought to be a joint specific risk factor (Hanna et al,,
2009; McKean et al., 2007; Prieto-Alhambra et al., 2013;
Srikanth et al., 2005). According to contemporary epidemiologi-
cal data, OA has a higher prevalence in women than men, espe-
cially after the age of 50 (Felson, 2003). However, before this
age, a higher prevalence has been observed in men, and after this
age, a higher prevalence has been reported in women
than men (Van Saase, Van Romunde, Cats, Vandenbroucke, &
Valkenburg, 1989). These sex-related differences are linked to
hommones (especially estrogen deficiency in the post-
menopausal period) (Felson et al., 2000; Gokhale, Frenkel, &
Dicesare, 2004; Mandl, 2007; Nevitt et al, 1995; Oliveria,
Felson, Klein, Reed, & Walker, 1996; Zhang et al., 1998). In the
majority of bioarchaeological studies, there is no homogeneity
in sex differences with regard to the frequency and prevalence of
OA. There are populations where males (or some joints in males)
have higher OA scores than fernales. The results were obtained
in hunter-gatherers and agriculturalists from the southeastem
Alabama collection (Bridges, 1991), in medieval (10th-12th
century) population from Stenjevec (Croatia) (Slaus, 2002), in
Californian Amerinds (5001500 AD) (Weiss, 2006), in pre-

Hispanic and post-contact collections from Peru (Klaus, Spencer
Larsen, & Tam, 2009), or in Bronze and Iron Age populations
from China and Mongolia (Eng, 2016). Although in Neolithic
hunter—gatherers from Sweden (Molnar et al., 2011), Bronze
and Iron Age skeletons from China and Mongolia (Eng, 2016)
females (or some joints in females) had higher frequencies of
OA than males. Some researchers did not find any significant or
very small sex differences in OA. Such results were obtained for
Holocene foragers of Siberia's Cis-Baikal region (Lieverse et al.,
2007), Natufian hunter-gatherers and Neolithic farmers in the
Levant (Eshed, Gopher, Galili, & Hershkovitz, 2004), for
Tombos population (Nubia) (1550-1069 BC) (Schrader, 2012),
for Joseon Dynasty collection from Korea (15th-20th century)
(Woo & Pak, 2013), Archaic period (1000-500 BC) Ohio popu-
lation (Woo & Sciulli, 2013), and for post-medieval Dutch
(Palmer et al,, 2016). As seen above, it can be assumed that age
comelations and sex differences in OA changes in skeletal
populations do not always exist, are not clear enough, are not
homogeneous and are different for different skeletal populations
and joints. This brings about a need for taking a look at these dif-
ferences in other populations.

According to clinical data, obesity is considered one of
the most important risk factors for QA (Felson et al., 2000).
This relationship is more pronounced in women than in men
and in weight-bearing joints, with a visibly higher preva-
lence in the knee (Anderson & Loeser, 2010; Arden &
Nevitt, 2006). There are two theories explaining the effect of
obesity on OA. The mechanical theory presupposes that
increased mechanical loading on joints is connected with
increasing body weight and is responsible for the develop-
ment of OA (Grotle, Hagen, Natvig, Dahl, & Kvien, 2008;
Teichtahl et al., 2005). The metabolic theory, in tum, postu-
lates an effect of local hormones and biological mediators
connected with obesity (e.g., leptins) on the development of
OA (Dumond et al, 2003; Teichtahl et al.,, 2005). Past
human population studies are scarce, and their results differ
from the clinical data. Jurmain (1991) found a nonsignificant
correlation between OA and reconstructed body mass. Inter-
estingly, the relationship, even though nonsignificant, was
negative (Jurmain, 1991). Significant and also negative
(smaller and lighter individuals have greater OA scores) cor-
relations between OA changes and reconstructed body mass
were found in Amerind (3500-1500 BP) and Euroamerican
(19th century) (Weiss, 2004) and in Californian Amerinds
(5001500 AD), (Weiss, 2006). These results that contradict
current medical data and are not homogeneous for each joint
indicate the need for further analyses of the effects of body
mass on OA in past human groups. Further studies are nec-
essary to check whether and how etiological factors
influenced the formation of OA changes in past humans.

According to current miedical knowledge, physical activ-

ity 'and atcupation are given sy etiological factors in "OA
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2003; Gabay et al,, 2008; Teichtah! ef al., 2005). Some data
gonfirny that stonger musele contragtion forces in i
jdmmmmﬁﬁemdwriﬁkof&edewbpmm
However, ttx.re are mﬂn&s showmg Qppomﬂ tesolts, which
is the protective mle of Stong muscles St
example, stfong quadriceps are associated with dmﬁsad
OA progression (Sharma. Dunlop, Song, & Hayes, 2003;
Slemenda eval., 1997, 1998}

A number &f stidies have examined the mlationship
between  OA - amd! enthieseal chianges (Rojas-Sepiilveda &
Dutour, 2014; Schrader, 2012; Woo & Pak, 2013). Enithieses
define the aréa where a capsule, a tendon of a ligament attaches
to bone and covers non-pathological changes in the attachment
WNM&W 2013). 'I‘ahngdtmnnpﬁmmm

ML mmmb& mmmm a8 lﬂm
él miarkers (Eshed g0 7al, 2004; Havelkova, Villotte,
Veleminsky Po]ébek, & Dobisikov4, 2011; Hawkey & Merbs,
1995; Henderson & Cardoso, 2013; Henderson, Craps, Caffell,
Millard, & Gowland, 2013).

Taking the above it was hy d that if positive
relationships berween QA and entheseal ‘changes exist, it
wag possible thal QA changes had & similar ¢tiology as
entheses. Therefore.  they could be activiy indicators, and
wamﬁdbeusaﬁmmerecommonqracﬁvﬁypaum
Schrader, 2012; Woo & Pak, 20?3) There are studles where
no significant relationship between OA changes and
entheseal changes were found, such as in the Joseon Dynasty
population from Korea (15th-20th century) (Woo & Pak,
2013) and in the Pre-Columbian skeletal collections from
South America (Rojas-Sepiilveda & Dutour, 2014). These
results suggested a different etiology for these two groups of
skeletal traits (Rojas-Sepiilveda & Dutour, 2014; Woo &
Pak, 2013). Not always existing, low or even negative corre-
lations between OA and attachment sites were found by
Schrader (2012) for the Tombos population of New King-
dom Period Nubia (1550-1069 BC) and Myszka (2015) for
medieval/early modem collections from Poland. Henderson
et al. (2013) who examined the value of the historical data
according to occupational mobility in the 19th century rural
England collection did not always found a correspondence
between entheses and degenerative joint changes, indicating
that other underlying factors affect the frequency of these
skeletal features. Calce et al. (2018) examined the relation-
ship between OA changes and femoral torsional strength
(another proxy for measures of activity) in modern European

skeletal samples and found no significant impact of activity
on the development of OA, although the authors refer the
negative dependence between pelvic OA and femoral tor-
sional strength to the protective role of physical work capac-
ity in childhood. As seen above, the previous study results
are not homogenous; they do not speak clearly for or against
the existence of a relationship between OA and entheses,
indicating a need to continue investigating this relationship.

From clinical data from modem humans, individuals with
OA generally have stronger body build, wider geometrical
bone measurements, increased bone mineral density, and
higher peak bone mass (Hunter & Spector, 2003; Roach &
Tilley, 2007). High bone density and wider geometrical bone
measurements seem to increase the risk of OA, especially
with regard to osteophyte formation (Felson et al., 2000). It
is hypothesized that tough, dense, stiffer subchondral bone
is not capable of dissipating the biomechanical loading,
which leads finally to cartilage failure and the appearance of
OA changes (Dequeker, Boonen, Aerssens, & Westhovens,
1996; Hart et al., 2002; Hunter & Spector, 2003; Nevit,
2006; Sowers, 2001). Anthropological studies that examine
the associations between OA and bone robusticity are rare
and, in some cases, the results differ from those obtained for
modem populations, where more massive bones are usually
predisposed to OA (Brickley & Waldron, 1998; Weiss,
2013). A positive association between OA changes of meta-
carpal joints and metacarpal bone robusticity (more robust
bones have higher OA) was assessed by Cope, Berryman,
Martin, and Potts (2005) for a Bronze Age population from
Tell Abrag (United Arab Emirates). Similar, but not always
significant, results are obtained by Weiss (2013) for OA and
metacarpal bone robusticity in pre-European contact Califor-
nia Amerinds (2180-250 BC) and by Weiss (2004) for
humeral bone robusticity in British Columbians (3500-1500
BP) and Euroamericans (19th century). Calce et al. (2018),
who examined modern European collections, observed that
increased femoral robusticity was significantly correlated
with lower pelvic OA scores. Analyses of the relationship
between OA and bone robusticity in past populations are
rare, so it is reasonable to continue them on other skeletal
collections.

The effect of stature on OA changes is not well under-
stood. The clinical literature focuses on the relationship
between body mass index and OA, paying special attention
to body mass increases, with less attention to the influence
of body height (Marks & Allegrante, 2002; Reijman et al,,
2007). However new research using biological markers to
identify genetic variants associated with height has found a
connection between short stature and susceptibility to OA
(Sanna et al, 2008). Bioarchaeological data about the
stature-OA connection are very rare. Calce et al. (2018) did
not find an important role for stature in determining arthritic
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patteming in modern collections from Portugal, Italy. For
palacopathologists, the relationship between overall body
size and the mechanical stress threshold of joints may be
specifically important factors to control for in evaluating
joint failure and arthritic patterning in once living
populations.

The purpose of this study is to examine the dependences
between entheseal changes, body mass, stature, bone mas-
siveness, sex, age, and OA changes (osteophytes [OP],
porosity [PORY], and ebumation {EB]) on the basis of the late
medieval, early modem (14th-16th century) skeletal mate-
rial from Lekno (Poland). Giving the fact that the etiology of
OA is not completely understood, the results of bio-
archaeological studies on the etiological factors influence
the development of OA are not unanimous and, in many
cases, are opposite to the clinical data on contemporary
humans. Continued studies are important 1o better under-
stand the occumrence and etiology of OA in past human
populations and to integrate this knowledge into further
understanding the human biology, ecology, and behaviors of
these past human populations

2 | MATERIALS AND METHODS

Skeletal matetial used in this swidy carae from the late medi-
eval, early niodem (14th=16th century) (Wyrwa, 1989) pop-
ulatonfromiekno, Poland, in a &ollection of the
Department of Human Evolutionary Aanthropology, Adam
MicKiewicz University in Poznai The study sample con-
sisted of 110 males and 56 females.

Only adult remaing were included in this study, Standard
mmmpmogml methods were aplphnd © determine the sex and

mmmmm@mmwmw
wasmﬂmdﬂxmhthemﬁ)@solmsymphym

m o the ol d
Ubelaker {1994); Ymmg Adult (2034 yc:axs), Middle” Adult
(35—49y»m)7md01d)§dnhﬁﬂ-1=yemj The exact aumber
in'ih;.“; ::iudyii;ﬂmmmd i

e 1. The group of ske;l'emns
examined here intiuded individuals withoul any observable
skeletal changes (ﬂhm tratina, ﬁwn.um or bone deformi-
m &3 :

mcsmdmdmpmpmbmemmﬂUbdakﬂ
(1994). Three types of OA changes were examingd: (a) OP;
marginal proliferation of new bone in either the horizontal or
vertical direction that produces a change in the shape of the
joint contour; (b) POR (pitting and/or erosion of the joint
surface); (¢) EB (polished subchondral bone with or without
ridges) (Buikstra & Ubelaker, 1994). OA changes were

TABLE 1 Ape and sk distribuition of the Eeknasamples

| Age category Males  Females
Young adult (20-34 years) B 23
Middle adult (35-49 years) 2 2
e p— 25 1
Total ' 110 56

TABLE 2 Entheses analyzed in he presearsiady

Insertion site
(insertion site)
DRIy Il
Midshaft of radius  Pronator teres
Linea aspera Adductor brevis, Adductor longus,
Adductor magnus, Biceps femoris
S e R L NS s

mrﬁm @mmm ﬁfm m 53'

femoral head): (¢) knee (articular surface of distal end of
femur and anicular surfaces! of proximal end of tibia); and
(f) ankle (distal end of tibia) Data were recorded using the
following four-point rating scale developed by Buikstra and
Ubelaker (19943 OP:(0) no-observable change; (1) barely
discernible; (2) sharp ridge, sometimes curled with spicules;
and (3) extensive spicule formation. POR: (0) ao observable
change: (1) pinpoint; (2) coalesced; and {3) both pinpoint
and coalesced EB: (0) no ohservable change; (1) barely dis-
cemible: (2) polished only: and (3)p b with groove(s):
When selécting entheses o' exanine; the ing |
were considered: (8) wusage of muscle in “daily acfivity”
(Bochenek & Reicher, 2010); (b) more frequent occurrence of
specific entheses in studies by various authors, (c) entheses var-
iability, and (d): mmma&m Qﬁiﬁ&iﬁ
ing the above; séven emhem S ¢
of the entheses tifide; i
The scoring system developed by Hawkey (1998) and
Hawkey and Merbs (1995) was used to analyze the entheseal
changes. This scoring system was chosen in order to be
comparable to other studies (e.g., Eshed et al., 2004; Molnar,
2006; Lieverse, Bazaliiskii, Goriunova, & Weber, 2009;
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TABLE 3 Equations used for body mass reconstruction according
to McHenry (1992)

oLl

logBM = 0.7927 x logFEMSHFT - 0.5233

o SO e EEN S HICORE28

logBM = 0.8107 x logFEMSHFT — 0.5733
FEMSHFT-femoral shaft product (M9 x M10j}, abbreviation of bone

{M9 - lateral-medial upper cross-section of the bone shaft in the

place 34 cm below the greater troch MI10 - P ior upper cross-
section of the bone shaft ot the same height as M9) according to Martin and

Saller (1957). Body mass (kg) was calculated as a3 mezn value of the results
obtained from the above equations.

TABLE 4 The results for sample
size (1), mean (x), and SD for

i Shoulder  OP
the M ¥ U tesi(Z) resialts for 208
hritic changes b males and

females it Kekii material L
Compare table 3 from D8 Al
Please note that Bl op
marking specific rows POR
or columns is difficult EB
there may be minor S
errors in highlighting =
Wiist op

POR

EB

All

Hip op

POR
—

&l

Kaee op

POR

EB

All

Askle op

POR

EB

All

Tol op

POR

EB

All
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Niinimiki, 2011, Niinimgki, 2012; Weiss, Corona, &
Schultz, 2012). Hawkey (1998) and Hawkey and Merbs
(1995) distinguish three types of entheseal changes:
robusticity, stress lesion, and ossification exostosis, The
robusticity marker is observed as a sharp ridge or crest. The
stress lesion is defined as a pitting or furrow on the cortical
bone. Ossification exostosis is observed as marginal lipping
within entheses (Hawkey & Merbs, 1995). The robusticity
marker is treated as a normal, non-pathological reaction to
habitual muscle usage and it reflects the daily activity. Stress
lesion and ossification are treated as pathological changes
(Benjamin et al., 2002; Galera & Garralda, 1993; Villotte
et al,, 2010) and are thought to be response to micro- or

1818

Mals == Femules
FESSS B s r
105 0#0R- O3S Tl O36SUNNEET  S0I903TI366
104 00097 004746 0024 D08 QU106 915
318 0277 0449 127 0263 0401 -0418 .676
107 0535 0641 3B GST? 0781 0197 843
U7 6046 0291 41 Q162 0506 0766 444
125 0000 0000 41 0000 0000 -0004 997
M7 0172 028 115 0205 0326
108 0MALT 0597032 Q094 TDBT6  S0293TTN
109 GO00T D000 A2 ORENTTI0000 0005996
317 0134 0307 96 0117 0200 ~0035 972
105 0434 0620 44 Q303 0SO3 0958 338
100 0402 0832 48 OBI8 LIS 0985 325
T108 0000 0000 48 Q049 0200 0246 806
32 0275 0420 140 0415 0592 0504 614
82 OMORTTOATONTT2R  OFRITUUL0S6 0007994
86 0283 07S3ds 0314079 SOU79TT 858
97 G000 0000 3% 6000 0000 S000F 996
265 0256 0432 98 0276 0474 -0610 542
80 0072 02610 40 0024 0109 —0403 687
83 @199 0719 38 0074 0334 0488 626
82 0000 0000 37 0000 0000 —0005 99
245 0090 0265 113 0036 0138 -0742 4S8
583 0377 0#6T 216

030370504 SLOIGT

625 Q0027 001439
0.219° 0283 1689

022200360  SE34IET

*Statistically significant at p < .05; 5, number of articular surfaces where each type of osteoarthritic change could

be ined; x, mean

d from the availabl ic changes.
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m | WiLEY-Si— MYSZKA 7 0.
TABLE §  Euthoscal changes at spevific skeletal sites in males and females in the Eekno material
Males Females
Entheses " x D n . x sp z P
Bicipital groove g 0934 46 146 0.650 Z1.790 073
Deltoid tuberosity 109 0743 4 120 0859 0840 401
Bicipital tuberosity ™ 6667 Y w7 0706 0717 828
Midshaft of radius 84 0.160 4 087 0653 =2463 014
Gluteal tuberosity 9 0617 & 2n 0727 0384 201
Linea aspera 9 0.807 st 1.84 0593 -resn 0%
Soleal crest 8 0803 L13 0760 wis07 o71
Tod 6716 0.608 137 0612 2470 oir
*Statistically significant at p < 05 using the Mann-Whitney U test (Z); n, number of X, mean d from the alt SD, standard deviation,

TABLE 6 The stature, body mass, and humeral massiveness
index (HMI) males and females in the F.ekno material

Males Females

N x N x
Stature (cm) 103 168.6 + 4.3 48 157.5£56
Bodymass(kg) 75  633%78 40  S517%72
mwa 61 204x14 30 199:13

N, sample size; x, mean.

macro-traumas accompanying a strenuous physical activity
(Hawkey, 1998; Mariotti, Facchini, & Belvastro, 2004;
Takigawa, 2014) as well as a number of diseases of the loco-
motor system (Capasso, Kennedy, & Wilczak, 1999; Car-
doso & Henderson, 2010).

In order to eliminate those entheseal changes that may be
related to diseases or injuries, which could bias the research
results, only the robusticity type of changes are included in this
study. The following four grades of robusticity were analyzed
according to Hawkey (1998) and Hawkey and Merbs (1995):
(0) no observable changes in tendon attachment site, (1) weakly
expressed robusticity, (2) moderate grade of robusticity. and
(3) strong robusticity at the attachment site.

The reconstruction of body build traits includes reconstructed
body mass, reconstructed stature and bone massiveness index
(HMI). For this, the following seven bone measurements were
made: humerus (M1-maximum length; M7-the smallest circum-
ference of the shaft), radius (Ml-maximum length), femur
(M1-maximum length; M9-upper transverse cross-section of the
shaft; M10-upper sagittal cross-section of the shaft), and tibia
(M1-total length). The measurements were taken using the tech-
niques described by Martin and Saller (1957).

In the present study, reconstruction of body mass was based
on lower (“weight-bearing”) limb bone diameters (femur),
which are more comrelated with body mass than upper limbs

(Porter, 1999; Ruff, 2000). A mechanical method of body mass
estimation was used in this work. The mechanical methods can
be divided into those that use articular surface dimensions
(Ruff, Scott, & Liu, 1991; Squyers & Ruff, 2015) and those
that use cross-sectional dimensions and diaphyseal breadths
{Auerbach & Ruff, 2004). Due to the fact that the osteoarthritic
changes analyzed in this study can affect the shape and dimen-
sions of articular surfaces, and therefore can influence the
obtained results, methods other than those based on articular
surface dimensions had to be chosen. McHenry (1992) pro-
posed methods that used the anteroposterior and transverse
diameters of the femoral shaft (just inferior to the lesser tro-
chanter). McHenry (1992) found a high comrelation of the femo-
ral shaft with reconstructed body weight. Therefore, in this
study, the method of McHenry (1992) based on upper trans-
verse and sagittal cross-section of the femoral shaft was chosen
for body mass reconstruction. The formulas used for body mass
estimation are presented in Table 3. Body mass is given in
kilograms.

Stature was reconstructed on the basis of the method
according to Pearson (1899). This method is considered to
be one of the most useful methods of stature reconstruction
for medieval skeletal populations from Poland (Kozak,
1996). Stature was estimated using the maximum length of
the humerus (M1), the maximum length of the radius (M1),
the maximum length of the femur (M1), and the total length
of the tibia (M1). Stature is given in centimeters.

To examine the relationships between osteoarthritic
changes and bone massiveness, the humeral massiveness
index (HMI) was calculated. Humeral bone was chosen for
massiveness index calculation because: (a) since the
humerus is a non-weight bearing bone, it was possible to
climinate an influence of body mass, as one of the other etio-
logical factors in osteoarthritic changes, on bone massive-
ness; and (b) in the upper limbs, the proximal and distal
bones are equally variable (Holliday, 1999), and the number
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of humeral bones was greater than the number of radial or
uvlnar bones. The size of the humerus was estimated using
the HMI: [((M7/M1) x 100; M1-maximum length (in mm);
M7-the smallest circamference of the shaft (in mm)]
(Piontek, 1996). HMI is given without any units.

Statistical analyses were made using a mean value of OA
calculated as e miean valog of observable OA changes. The
analyses were made for each type of OA change in sach

Wl LEYﬂ

m m The mean values ﬁ"‘m
were used. Dxﬂumuesbet\de@mmm&malzsmoa
changes and entheseal changes were examined using Mann—
Whithey Usstatistics. Multiple Logistic Regression was used
to analyze the mutual interactions between OA changes,
entheseal changes, body mass, stature, HMI, sex, and age.
To make the analysis, OA changes were used as dichotomic

6 0707 'verazE6l

TABLE 7 Osteoarthritic changes B SE) p valae 0dds ratio 95% CI

predictors in Multiple Logistic Regression S e

in the Eekno material OA
Intercept 54.989 36.597 133
Entheses 0.436 0.213 041* 1.546 1.018,2.348
Body mass 0.509 0.261 .051 1.663 0.997,2.775
Stature -0.331 0.239 166 0.718 0.450, 1.146
HML -1.818 0.860 034 0.162 0.030, 0.875
Sex 3.249 2.558 .204 25.756 0.171, 3870.963
Age 1.401 1.268 270 4.058 0.338,48.742

(¢) 4
Intercept 16.586 27.142 541
Entheses 0.277 0.127 029+ 1319 1.029, 1.691
Body mass 0.248 0.135 065 1.282 0.985, 1.668
Stature -0.185 0.180 303 0.831 0.584,1.182
HMI ~0.352 0.399 377 0.703 0.322, 1.536
Sex. 2.627 2177 228 13.833 0.194, 985.89
Age 1557 0967  .107 4742 0.713, 31.531
Intercept 36.405 18.142 045
Entheses 0.036 0.075 .631 1.036 0.896, 1.199
Body mass 0.050 0.057 387 1051 0.939, 1.176
Stature ~0.195 0.099 049+ 0.823 0.678, 0.99%
HMI ~0.523 0.304 085 0.593 0.327,1.076
Sex 1.228 1.090 .260 3415 0.403, 28.946
Age 1.010 0.602 093 2.744 0.844, 8.923
EB

Intercept -8.137 50.391 872
Entheses 0422 0.298 156 1.525 0.851,2.732
Body masg —0.035 0.123 175 0.965 0.758, 1229
Stature -0.049 0.249 843 0.952 0.585, 1.550
HMI 0.550 0.980 575 1.733 0.254,11.824
Sex ~0.185 2.906 949 0.831 0.003, 247.187
Age —1.780 1.881 .339 0 165 0. 004 6602

*Statistically significant at p < .05. B, unstandardized regression coefficient; SE, standard error; CI, confidence
interval; OA, all types of osteoarthritic changes, and all of joints taken together; OP, osteophytes from all of joints,
POR, porosity from all of joints; EB, ebumation from all of joints; Entheses, mean of all observable entheses;
HMI, humeral massiveness index.
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TABLES O

4

itic

h

Shoulder
Intercept
Entheses
Body mass
Stature

Sex

Intercept
Entheses
Body mass

Stature

Age

Wrist
Intercept
Entheses
Body mass
Stature

Age

Hip
Intercept
Entheses
Body mass
Stature

Age

Knee
Intercept
Entheses
BM
Body mass
Stature
Sex

Age

Intercept
Entheses

oS P

1514
0.101
0.014
-0.035
0.158
1.869
0.039

19.389
0.122
0.100

-0.151
-0.407
2.337

22.968

0.350
-0.010
~0.146
-0.179

1.983
-1.091

15.243

0.302
~0.009
-0.091
~0.086

0.139
-1.017

5.606
0.033
-0.033
-0.035
~0.109
0.754
1131

34.008
0.075

MYSZKA gr AL,
in Multiple Logistic Regression according to joint in the £ekno material
(SE) p valne Odds ratio 95% C1
18.500 934
0.077 .91 1.106 0951, 1.287
0.055 .801 1.014 0.910, 1.130
0.099 J22 0.965 0.795, 1.172
0.303 601 L1172 0.647,2.121
1.216 124 6.479 0.598, 70.198
0.601 949 1.040 0.320, 3.377
21.463 366
0.106 .246 1.130 0.904,1.434
0.074 174 1.105 0.957, 1.278
0.121 211 0.860 0.679, 1.093
0.382 286 0.665 0.315, 1.404
1.599 144 10.348 0.425, 239.14
0534 o4 9989 0472,4131
25.536 0.368
0.130 007+ 1.419 1.099, 1.831
0.072 .891 0.990 0.861, 1.139
0.136 284 0.864 0.662, 1.129
0.428 676 0.836 0.362, 1.934
1.829 278 7.266 0.202, 261.80
0.837 192 0.336 0.065,1.732
19.571 436
0.106 004* 1.353 1.099, 1.667
0.075 905 0.991 0.855, 1.148
0.114 426 0913 0.730, 1.142
0.324 791 0918 0.486, 1.731
1172 906 1.149 0.116, 11411
0.750 175 0.362 0.083, 1.573
22.528 .804
0.089 706 1.034 0.246, 7.937
0.069 627 0.967 0.845, 1.107
0.122 775 0.966 0.760, 1.227
0.379 774 0.897 0427, 1.884
1.380 .585 2.126 0.142, 31.795
0.739 126 3.100 0.729, 13.185
38.212 374
0.127 556 1.078 0.175, 25.635
téun&nues)
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TABLE 8 (Continued)
B (SE) p value Odds ratio 95% C1
Body mass 0.046 2.106 661 1047 0.852, 1.288
Stature -0.189 0.209 367 0.828 0.550, 1.247
HMI -0373 0.546 495 0.689 0.236, 2.009
Sex 0.901 2232 687 2461 0.031, 195.47
Age -1.013 0.993 308 0363 0.052, 2 542
*Statistically significant at p < .05. B, unstandardized regression coefficient; SE, standard error; CI, confidi interval; enth mean of all observable entheses;

HMI, humeral massiveness index.

traits (0-no observed change and 1-observed change). The
following traits were correlated: (a) dependent variables: OA
changes within the shoulder, elbow, wrist, hip, knee, and
ankle; (b) independent variables: entheses (mean of all
observable entheses), body mass, stature, HMI, sex, and age.
Statistical significance was determined at the probability
level of .05. Statistical analyses were carried out using the
Statistica 10.0 PL software and R-project (R Core
Team, 2016).

3 | RESULTS

Table 4 contains results for the: mean (x), standard deviation
(SD). and sample size (n) for’OA changes (OP: POR:"and
EB) acoording o the joints noted in ihe Lekno material. In
males; the mean of OP was 0:38; POR was 0229, and
was 0.002. When all joints and OA changes were taken
together; the pican was 0.219. In the female group, the imean
SF OP was 0:303, POR was 0:3%, and EB was 0.009. ' When
ail joints and QA changes were taken together the mean was
61222, mmﬁmmOAdmngmmwemmm

Table 5 aﬁmﬁns the nsults for mean (x))standard devig-
tion*(SD); and saniple size (i) for entheseal ‘changes in the
tekno maerial. In males, when all entheses were taken
togethier. the mean was 1162, and in/females it was 1.37. In
males, ‘the means were highest for the gluteal tuberosity
(x = 2.02) and lifica sSpera(37=2:07) andiiherlowes( for the
deltoid wberosity (¢'=11.07). In females, the means were
highest for the gluteal taberosity (x = 2.11) and linea aspera
(x = 1.84) and therlowest for the pronator igres origin
(r ="087). Satistically significant differences between
males and females were obtained for the pronator feres ori:
gin'and when all entheses were analyzed together.

Table 6 presents the basic statistical characieristics
(results of mean {x}, sample size [N], and SD) in the skeletal
material from Lekno.

Multiple Logistic Regression results for the interaction
between osteoarthritic changes (OA—mean of all observable

osteoarthritic changes; OP-—mean of all observable OP;
POR—mean of all observable POR; and EB—mean of all
observable EB) and the body mass, stature, HMI, sex, and
age in the Lekno material are given in Table 7. Entheses
were the strongest contributor for the prediction of osteo-
phyte expression (all changes taken together) (p = .029) and
arthritis expression when all types of changes and all joints
were taken together (OA) (p = .041). The more severe the
OP and general OA (all changes taken together) were, the
higher the values of entheses will be. Stature demonstrated a
negative dependence with POR, which means that as stature
increases, POR decreases (B = —0.195). Individuals with
more massive humeri were more likely to have less severe
OA (all OA changes and all joints taken together)
(B = —1.82). Neither body mass, humeral bone massiveness,
and sex, nor age variables demonstrated a statistical relation-
ship with OA, OP, POR, or EB. It suggests that these traits
are not relatively important in determining OA changes in
the study sample and have little to no effect on differences
in OA severity (Table 7).

The Multiple Logistic Regression results for the interac-
tion between OA changes in the shoulder, elbow, wrist, hip,
knee and ankle and the body mass, stature, bone massive-
ness index, sex and age in the Lekno sample are given in
Table B. Entheses were the strongest contributor to the pre-
diction of arthritis expression only in the wrist (B = 0.35)
and hip (B = 0.302). The more severe the OA changes in the
wrist and hip were, the higher the values of entheses will
be. Age was the strongest contributor to the prediction of
arthritis expression only in the elbow (B = 2.302). The
oldest individuals were predicted to more likely have OA
changes in the elbow. Body mass, stature, bone massiveness,
and sex had no effect on OA changes in any of the examined
joints (Table 8).

4 | DISCUSSION

In the skeletal material from Lekno, entheses were the strongest
contributor fo the prediction of arthritis expression when all
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types of changes and all joints were taken together
(OA) (p = 041) and when OP from all joinis were taken
together (p = .029). More muscular individuals were predicted
to more likely have developed OA and OP (Table 7). Individ-
uals with more pronounced muscle attachment sites (entheses)
were more likely to have more developed OA changes in the
wrist (B = 0.35) and hip (B = 0.302) (Table 8). Entheses had
no significant influence on the expression of POR, EB, and
OA changes in the shoulder, elbow, knee, or ankle. Age was
the strongest contributor to the prediction of arthritis expression
in the elbow only (B = 2.302). The oldest individuals were
predicted to more likely have OA changes in the elbow. In the
analyzed skeletal group, smaller individuals were predicted to
more likely have developed POR (B = -020, p = .049)
(Table 7). Body mass, stature, bone massiveness, and sex had
no significant effect on OA changes in any of the examined
joints (Table 8).

Taking the present study results (an existence of the
dependences between OA changes and entheses; Table. 8)
and the assumption that entheses are treated (with a causa-
tion; see below) as physical activity markers one could
assume that there is an impact of physical activity on the OA
changes appearance—mors’ active’ individuale tend 16 have
more expressed QAL But we must be cautious about such a
simple interpretation of the relationship between OA and
entheses. First, because the &ffect of physical dctivity on the
formation of enthieseal changes S i the anthro-
pological literature (Daly, Saxon, Turner, Robling, & Bass,
2004; Havelkové, Hladik, & Veleminsky, 2013; Henderson
€1 dl.. 2013; Henderson & Cardoso, 2013; Lieverse et al.,
2009; Lopreno, Cardoso, Assis, Milella, & Speith, 2013;
Lovejoy, Mccollum, Reno, & Rosenman, 2003; Niinimiiki,
2012; Villowe & Kntisel, 2013; Weiss, 2007; Weiss et al,,
2012). Most researcher stress the multifactorial etiology of
entheses and emphasize the role of factors other than physi-
cal activity including, for example, genes, age, sex, hor-
mones, and body mass (Milella, 2014; Milella, Giovanna
Belcastro, Zollikofer, & Mariotti, 2012; Niinimiki, 2011;
Schlecht, 2012; Villotte & Kniisel, 2013). Second, although
in this study individuals with more developed entheses were
pmwwmwmtmmOA(aﬂmdchmg@and
dljoints i when each joint was analyzed 5ep-
arately, not all dependences were sighificant (Table 8). Also,
mmm Other bloamhaeologlcal studies’ iﬁ“ iﬁm i
between OA and Emheam (Myszka, 2015; Palmer et al
2016; Schrader, 2012; Woo & Pak, 2013). These studies
show a lack of a significant dependence between OA and
entheses, thus illustrating the variability of these/two groups
of skeletal features; their complex etiologies and suggesting
that they are a result of different activity-related phenomena
(Palmer et al., 2016; Schrader, 2012). OA and entheses react

(Ro_‘as-Sepﬁlveda & Dulour 2014; Wook Pak, 2013) Deﬁ
nite confirmation or refuting of the theory about the impact
of physical activity'on the development of QA i§ ot possiz
ble yet, and effects of dther factors on the development of

OAmust beconsidered. It also seems that further research
should be placed on occupations and their roles in the patho-
genesis of OA.

The positive significant dependence between OA
changes and entheses obtained here might indicate the valid-
ity of the “bone formers theory,” according to which some
individuals have greater tendency to form new bone (espe-
cially OP, entheses, and enthesophytes) in response to mechan-
ical stress (Crubézy et al., 2002; Rogers, Shepstone, & Dieppe,
1997). As Rogers et al. (1997) suggest, bone formation is one
of the components of the response of the musculoskeletal sys-
tem to stress, and the variation in bone formation could be due
to differences in individual ability to form bone in response to
stress rather than due to differences in stress. It can suggest a
genetic control of the pathogenesis of musculoskeletal disorders
(Rogers et al., 1997). In our study, when a joint or OA changes
were considered individually, a dependence between entheses
and OA did not always exist, but when all joints were taken
together, a dependence between OA and entheses was signifi-
cant. Taking this into account, it can be hypothesized that indi-
viduals are either predicted or not predicted to have OA
changes and they are predicted to be bone formers (on the basis
of genes). But whether they will have OA changes or not will
depend on their lifespan. However, this is just a hypothesis and
further studies are needed to confirm it. While in light of the
“bone formers theory,” the existence of a dependence between
entheses and OP is easy to explain, the relationship between
entheses and EB or POR may be unexpected. Similar positive
dependences between POR and/or EB and entheses were
obtained by Rogers, Shepstone, and Dieppe (2004) in an
England collection (9001850 BC) and Molnar et al. (2011) in
Neolithic hunter—gatherer populations from Gotland. Rogers
et al. (2004) explain this by the assumption that such a relation-
ship is a consequence of a generalized predisposition to skeletal
remodeling in response to mechanical stress and suggest that
OAlspartofasystemlcbonedJsmder

g&m*mmam m m‘ﬁi ﬂ% m
m@nﬁmymxmmﬁ these features
in the two skeletal groups, they also cannot be ighored:
mi mma &m ﬁ ﬂlﬁﬂ maz enher QLA or

ciitheses have a m
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2006; Gabay ¢ al, 2008; Roach & Tilley, 2007; Weiss &
Jurmain, 2007), and physical activity is not the only etiologi-
el fagtor. Fun the & ¢ of & melatonship

between OA and entheses might not indicate a link between
these two skeletal traits and physical activity.

Lekno was g pan of seftfement complex where in histori-
cal times seutiements and mechitectural sxmcmms c\fcmasmdnr

G — 1989)Bmmgmmmd
wpummnotwu&mnmmmdmmm

&6l traits.

In the Eekno sample, age was the strongest contributor to
the prediction of arthritis expression in the elbow only
B= 2302) (Table 8). mmmmm.mm

< (eg small

sample sizes and often not well pmserved) Moreover, some
s question the concept of @ simple relationship
beiween thiese Two features; undedining the muliifactorial
etiology of OA and suggest that aging contributes to but
does nor. directly cause the OA changes {Anderson &
0y Loeser. 2011). They argue that the becurtence

of these dependences is nor onlyan ffect of aging of joint
U&Suczshmalsofesnhsfrmnd:cmm;mofoﬂmrm

and mkc:rs (Sharma, 1999)

In the present study, stature demonstrated a negative
dependence with POR (B = —0.195). Neither OP and EB
(Table 7) nor OA in any single joint was significantly
affected by stature (Table 8). It is difficult o justify the rea-
sons for this result. For example if OA is connected with
mechanical loading of the joint (Arden & Nevitt, 2006;
Dieppe, 1995), one would expect that first, the relationship
should be positive, and second, the OA changes in the lower
limb joints should be more severe (greater body height puts
more mechanical pressure on lower joints). The lack of
effect of stature on QA severity in any joint region (Calce
et al.,, 2018) could explain that stature is a complex poly-
genic trait influenced by both genes and environmental fac-
tors, wherein more than 80% of the variation in height may
be genetically determined (Kannu, Bateman, Belluoccio,
Fosang, & Savarirayan, 2009; Sanna et al., 2008). It can be
suggested that not stature but body size (with an important
role of body mass) plays a role in the development and

progression of OA (Marks & Allegrante, 2002; Reijman
et al., 2007).

Body mass had no significant effect on OA changes both
when each type of OA change was examined (Table 7) and
when each joint was analyzed separately (Table 8). The
impact of body mass on OA when all joints and all types of
OA changes were taken together was marginally significant
(B = 0.51; p = .051) and, in some cases, that effect was neg-
ative (although nonsignificant). These results are similar to
earlier anthropological data, where nonsignificant/marginally
significant (positive or negative) relationships between body
mass and OA were found (Jurmain, 1991; Weiss, 2004,
2006). Weiss (2006), who examined OA in Californian
Amerinds (500-1500 AD) and Weiss and Jurmain (2007)
who revisited OA in past human populations claimed that
obesity could be a modem phenomenon and therefore an
influence of both mechanical and biological factors on past
human joints could be less important. Weiss (2006) also
underlined the effect of reconstructed body mass deficiency.
Body mass reconstruction methods are not entirely reliable,
and therefore the effect of body mass on the development of
OA in skeletal collections cannot be precisely defined.

In the Eekno sample, individuals with more massive
humeri had less severe OA (all OA changes and all joints
taken together) (B = ~1.82, p = .034) (Table 7). Cope et al.
(2005), referred to the obtained correlations between OA
and bone massiveness as Wolff's law, according to which
mechanical stress affects cortical bone development
resulting in bone remodeling (Cope et al., 2005; Ruff, Tri-
ncaus, Walker, & Larsen, 1993). Therefore, people who
engage in physically stressful activities tend to have enlarged
bones compared to people living sedentary lives. More
active individuals with resulting more massive bones tend to
have more severe OA (Cope et al., 2005). However, it must
be stressed that the model is far too simplified and should
not be applied indiscriminately. The general model of bone
modeling and remodeling during the human lifespan pro-
posed by Ruff, Walker, and Trinkaus (1994) assumes that
while juveniles deposit subperiosteal bone and slow the end-
osteal resorption in response to strenuous mechanical load-
ing, aduits tend to slow the endosteal resorption and are not
able to add substantial amouats of subperiosteal bone, even
if they are very active during adulthood. Nevertheless, tak-
ing these indirect relationships between physical activity,
OA, and bone robusticity, it could be hypothesized that more
active individuals (especially in childhood and adolescence)
tend to have more massive bones, by increasing the magni-
tude of bone cross-sections. Strenuous activity is a very
effective way to strengthen bones (Turner & Robling, 2003).
According to Sowers (2001) ard Hunter and Spector (2003)
stronger, stiffer bones are not capable of dissipating the bio-
mechanical loading that finally leads to cartilage failure and
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the appearance of OA changes. But the detailed mechanisms
and factors underlying changes in bone robusticity and
geometry are not completely understood (Pearson &
Lieberman, 2004). The relationship between OA and bone
robusticity is not unequivocal in the anthropological litera-
ture. The dependence between entheses and bone robusticity
does not always exist (for the discussion see Myszka &
Piontek, 2013). Therefore, no final conclusions regarding
the relationship between bone robusticity and OA in skeletal
populations can be drawn here, and further studies are
needed.

hmumple. mamwemuﬂmnymimm

7, and 8) Wthe in chmcal stndles, the relauonshlp between
QA and sex is more clear (Hanna et al, 2009; Prieto-
Alhambra et al., 2013), there is no consistency in sex
differences in the frequency and prevalence of OA in anthro-
pological studies (Eng, 2016; Klaus et al., 2009). Although
considering the genetic and environmental background of
sex differences, the assessment of sex differences in the
analysis of OA as a necessary condition for reliable interpre-
tation of the disorder in past populations is needed (Weiss &
Jurmain, 2007). As a result, palacopathologists are limited in
explaining of the inhomogeneity of these results. There are a
number of other factors that complicate the analyses of
archived bone samples that include small sample sizes, inad-
equate preservation, difficulty in assigning sex, and other
unknowns about the populations and the individuals within
the populations.

In Summary, in the fekno sample, entheseal changes
appear to play an important role in OA changes. More “mus-
cular” individuals tended to have more severe OA (all OA
changes and all joints taken together), OP (all joints taken
together), and OA in the wrist and hip. Other etiological fac-
tors had little to no effect on the development of OA. Bone
massiveness appears to have a role in the appearance of OA
(more massive individuals have less severe OA). Age had a
significant (and positive) effect on OA changes in the elbow
only. Stature affected POR only (negative dependence).
Body mass did not significantly influence OA changes.
These results may indicate that increased physical activity or
the lack of it can be significant for the formation of OA
changes.

The use of entheseal changes as markers of occupational
stress is still in question; therefore, the existence of a rela-
tionship between OA and entheses might not indicate a link
between these two skeletal traits and physical activity.
The results support the wiew thai the formation of "OA
changes is'a coniplex process with a multifactorial &t
and siiggests the need to further define the contribution of
these etiological factors to the onset and development of
OA in past humans. Further investigations on OA in past

populations that include studies on the environment, occupa-
tions, ecology, and genetics will help elucidate the etiologi-
cal factors in the occurrence and progression of OA in both
modern and prior human populations.
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