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Abstract

Purpose The vadius is described with a single wbeposity: e radial wberosity. However, we hypotbiesize that there is a sec-
ond mberesicy on the inferosseens horder of the radins: which we propose to call the inferasscons berosity — Toberosicas
interasses cadii - (1T

Methods First, we analyeed all anteropesterior radioaraphs of the lorsarm (48 emales, 34 males; 62 lells and 40 righis)
as well as CT scans 06 females, 7 males; 3 lefts and 8 rights) carried our during one year in onr hospital. We evalwared the
presence of IT, irs length, thickness of the interosseons cormex an 1T level, abowe and Below compared with anterion, pasterior
and lateral bone cortices, In the second part of the smdy, we dissected cadaveric forearms to determine which ligameants
and mnscles wers attaches an the [T,

Results A fotal of 102 standord [orearm radiceraphs and 13 CT-scans were analveed. In all coses, an IT was present. The
mean mpberosity lenath was 93.9 mm (+/— 13,8}, which corresponds ta 37% {4+ — 3} of total radial length, [T corresponds
te a significant thickening (7.6 mm than 4.2 o and 4.3 oun below; g 00001 ) of radial interosseons corfex, A @l of 10
forearms wowe disscoted, In all cases, wo abscrved that IT scrved as an arachument for eentral band of lnicrosseou: membrane
and for all exoinsic muscles af the themb with the excepiicon of the extensor pollicis longus.

Conclusion Tuberosilas mlerosses radil exists, correspunds Lo a corlex thickening and may play arole in e stabalily of the
fovearim and e function of the oemly,

Keywords Analomy - Forearm - Fadial lubersity - Interosseows mermbrane (iom) - [nlerosseous cres

Introduction

The madius 15 classically described with a single uberos-
iy: the rodial wuberosily [or the biceps braclii wemdon inser-
vion. lowever, mosl of anatonical illusiraions represent o
siouth reliel on interosseous border of e radius, approsi-
= Gregrire Rougerenn rmately in the middle thind, We comumonly observe this reliel
Cres o e bR 0 ornail e 1o our daily clinical activity, aspecially i lorearm X-rays.
Loy amatorrical books amd publications, mlerosseons bor-
der aof the radivs descripion 15 classically found, delined

repuaarirnenl ol Crthopedics amd Trammioloey, Hiceime
Hexspital, Paris 5ol Universny, T8 R do Géndral Lecler:,

#4270 Le Kremlin-Bicéire, Frooce us Lhe sharp margin located along the medial side of the
2 Pl oF Cirth e s W TERRHEIORT, radivg shall T extends distdly froms the mediodisial edps of

Pitis-Salpétritre Hospital, Sorbonne University, 47-53 thee rudial Wberosily e the ulnar notch, thereby separaling

Boulevard de I'Hipital. 73013 Parnis, France arilerior and posterior rudial sorfeees. However, there i no
* Deparmmenr of Rodiclogy, Bicfoe Hospirl, rmenbiom of o luberosity al this sile.

Pavis Sud Tnivessity, 78 Rue du Créistial Leclere, We hypothesize that this reliel cormesponds W un authen-
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0 Deparoment of Othopedics and Trawmanolosy, Clinique in which o Hpament or muscle 15 attached [9].
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Ohur first purpose was o identify whether this relief really
correspomcds oo mbernsity, The sccondary abjoctive 15 to
sy its morphologiconl characteristics and determine which
sorciures are attached on ik

Materials and methods

This studv was divided in pweo parts, The first ong 15 a radi-
ological part. It is o dererming whether chis relict fultils
therosicy™s definicion, buf alsa to specity its morphelogical
characreristics, The second part is cadaverie and aims o
determing which strctores were attached on this relief,

Radialogical part

O haspiral’s dacabase has been reviewed to collecr all
consssntive forsarm X-ravs taken betweoon October 1, 2006
and Seprember 31, 2007, These radicgraphs were tound and
analyzed using the imaze archiving and communication sys

tem (PACS, Carestream Yue Pacs, wersion 12,1, Carestream
Healths, Rochester, MNew York, USAY Inclusion criteria
were age ovel 18 vears and antercposterior X-rays of the
forearm in full supination. The exclusicn criteria wers the
presence of ar least one fracture or radio-uloar dissociation,
s, congenital maltormation. fovmer fracors, X-rays of
the forearm nor sitictly in both the antero-posterior and full

Fig. 1 Cm the el sommary schema of amaloarmical methadolagical
refevcnecs for M-vave awalvsia, On the ght antcro-pogterios forcarn
Kerays nb supnation. Sepaation between ulnar bowadary of emlo-
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supination. All data collected wers anomymizesd by a hlindesd
study collaborator,

Three blind ohzervers were involved o analyze radio-
graphs, In order to achieve te main stiudy objective, absery-
crs had to apply seandardized methedology, First, they had
tex delimit ulnar boandary of endomedullary canal (ULEC).
It carresponds toa bright radiographic line extending along
the entire radial axis. Sccond, they had o delimif the radial
interasseons Border of the radins boundary (IR Third, they
had to determine if chere was a radial disphyseal scgmaenc on
which an inereasing distance between the ULEC and the 16
exisrs, thus defining prosence of an interossaans relict. 1F it
was contirmed, observers had oo mark owo points labelled
"SLITT and "ILITT carrcsponding respectively o the prosi-
mal and diseal limits of this inferasscons reliet, Bascd on
these e paints, they had o collect following measurements
nsing the PACE measurement toal; the length of the infer-
easeans relief carrespending to the distanes between SLIT
and 1LIT, the distance berween proximal margin of the head
of the radivs ("EH™) and the tip of the styloid process of
the radivns (“TRSI™) corespoending to radins length (Fig, 1)

In ardar ta improve morphamefric characteristics
determination of interosseous relief, addirional data were
chrained ko CT scan, Forearm CT images were selected et
rospectively from the PACS of our hospital frem Janvary L,
2007 te June 30, 2017, Incluzion and exclusion criteria were
similar as those mentioned for X-rave analysis. All scans

medullary canal (ULEC and mdial interosseous booandary (A8 iz
cheacky wisible on the iowcrosscoas side of the radial shaf
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wiere performed on a 84-shice CT scanner (SOMATORM Sen-
sation 64 or Definiton A8, Siemens, Erlangen, Germany ).
Interossenuy relief presence was determined using the same
muethodilogy ax deseribed shove. IF i was present its upper
umed levever limies weere also localized. Then, the radial maor-
phology way analyred on thres groups of axial sectioms.
Hach group had three slees spaced 5 mm from each other:
firat group of shices beeween the radial wherosity and 5107,
u secnnd group at the level of the mididle of the suppased
tuberosity and a third groap under LT point, On each slice,
ol lvaring parameters wene measurcd: thickness {mim) of the
anterior, posterion, medial and lateral home cortex as well as
the surtace of the cancellons hone and the total surface of the
rading, Hor cach shoe, the surface ratio (SH) bobascen total
radins surtace and cancellons bone surface was caloulated
(Figs. 2, 3, 4),

Anatomical part

This pare af the shady was conducted in cadaveric anatimical
lalsararory, Dhring their literime, all donors had given their
informed consent o body danation tor teaching and rescarch
purpeses, The mean age of donoes was #d +7—0.32 yoars
ald (7055 years), 5ix donors (four left and twao right fore-
arms} were females and fonr donars (e lett and e right
forearms} were males,

Frozen bodics were thawed covernight and caretully
evalvated aceording w following exclusion criteria: scars,
detormity, dislocaton of radio-ulnar jointz, presence of an
implanred device {osteosynthesis, arthroplasty). Flooros
Copy was also vsed o identify the inferosseous relief, Then,
soft tissves were dissected from the superficial lavers to the
deeper, A Hemrv™s appreach was vsed 10 identify muscle
arachments on the anterior surtace along (he inferassecis
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Fig. 2 Summary schema of asatsnical axcthodological seferenees foo
L1 scan analvsis

Fig.3 T section performed av cach of three defined forzann axial
st IO reis

rarder of the radivs while a peserior approach was nsed o
identity dorsal affachments, A map of moscle attachment
was finally chrained for each subjeet, Finally, muscles were
remaved o keep the interosseons membeane (1OM Y intacr,
Eelaticnships eteesen interasseons reliet and the ditfferent
parts of the 10M were recorded,

Statistical analysis

Adl the results are reported oy megan amd standard deviabions.
Comnparisons were perlormed using a non-parametric analy-
sim ol varionce CANOVA)D mudel. Post-hoc analysis (o detect
madividual dilferences) was only performed when the overall
Lesl was sigmificant. A e valoe < 0005 weas considered statisi-
cally stgnificant.

Results

In the radiographic part, we fonnd 196 antero-pesterion
forcarms radingraphs. After applving exclusion eriteria,
WIZ forcarm radingraphs were analveed, Average age was
453 vears {(+/ =207, with a sox ratio of 1,43 (62 loff and
A right sides], Interosscons mberasity was ohserved in all
[paticnes { 105), The average radial length was 232,60 mm
(+/=21.81 Mean IT length (SLIT-1ILIT distance) was
YE.2 mm {4+ — 158}, which corresponds v 37% (+/ =5 af
rotal radial lengeh,
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Flg.4 CT images in cach of thrce defined forcann axizl scotion arcas (el we nght, fisst nead, 300CT reconstrection visualizing cach soction

Thaedonm righl imnagea)

Actotal of 13 CT forearms of the 19 CT scans selected,
mar the inclusion criteria (6 femalas, 7 males: 5 lefis and
8 rishis), Average thickness of the imerosseous cortex
wis signiticanly higher at the IT level (7.0 min+/ — 1.2}
than above (4.2 mm+/— 09, p< 000001 and below
(4.3 mm A+ — 08 p MWL), There was o sipnificant
dufterence of thickness between vential, docsal and Lat-
eral cortices above, al or below the IT (Fio, 51 AU IT
level, interosseous cortex hickoess was higher com-
pared with vemeal (< 00001k, Jorsal (o< 0L e
lateral (o< 00001 cortices. SI was lngher at IT level
(395 +/=2.20 than above (348 + /= 1.1; p < 00000 anmd
below (2.7 + /= 0.9 p < 0000105 (Tia. 6.

Copcerming the anmorical cadaveric part, we identilied
IT in all subjects analyeed (TFig, 70 Oo IT anterior [ace.
we [ound [lexor pollics Jonegws oriao, It begins witls o than
expanzion wnder the radial toberosity and then continues
mainly vn the IT anlerior side and on anterior side of adja-
cenl radial shall. We [ound abductor pallicis longus attach-
menl extending [rom the ulnar border and the posterior
surface af the central band o the vwo-third prosameal af the

-ﬂ Springer

INTEROSSEOUS CORTEX (IC)
s (p=0.8442)
! <0.0001 |
p<0.0001
105 T 1

. 1

Cortex thicknesa (mm)

Above IT IT Balow IT

Fig.5 Comperizon of inferosseovs cortics] fhicknesz above, ar and
neler inlerossanws Wbamnsily

posterior I face, Finally, extensor pollicis brevis is attached
ut the junctiom betwesn [0M and the distal thivd of Pl pos-
terior surface (Hig, #).
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RATIO BETWEEN CORTICAL
AND CANCELLOUS BONE
ns
I L
p<0.0001
I I
10+
p<0.0001
B Ll L
g 6=
4+
2=
u—
Above IT IT Below IT
IT: Interosseous Tuberosity

Flg-6 Curmgserisom betwisen swrlace rbios (S8R of O sections naal
Pl ahwwees, ol amel nmder inlemeseoes Inherosiby

Flg- 7 Fonesanm o amcbonmcal solyecl: postesior viesw beloe (a) and
atter (b intereeseans membrane rescction, [deotification of n marked
booe relict in the middie third of the inrcrosseons border of the radivnes
ahafl the radial inteosscons ILherearly {abrositas lcrssea radii

Central band of TOM was localed entrely on the prosi-
roal two-thind of IT. In seven anatomical subjects (), we
[ound one or moare accessory bamds allached on prosinal
andfor dislal ends of TT. Those atlachiment areas were alweays
shorter than two centimeters. Finally, m lve coses (305,

a dorsal obligue aceessory cord was Tound ender abducetor
pirllicis lomgus origin [ 10, 13]. 17 1t was present. the dorsal
phligue accessory cord was attached hehind the central band,
at the proximal third - middle third junction of 1 {Fig. Y.

Discussion

We comfirmed the presence of an inwerosseous tberosity
itubernsitas internsses radii) in a very distinet portion of the
inferaseous margin of the radius. This relief resules from a
thickening of the inferosscons eortex which is signiticantly
thicker tham the other corfical portions located ac the same
Icve] on the radies, but also above and helow, This intcros-
seons relict serves as an attachment for ten groups of strc-
tres: all cxirinsic muscles of the thumb, cxeopt extensor
polliciz longus; and I0M cenirmal hand sometimes associated
with accessory bands,

In anatemical literature, the internsseons border of the
rading is classically described as extending from the arca
below radial mberasity to the distal radioninar joing |9, 12,
171. This interosscons margin is doscribed as a homogane-
ons surface, bt anr work clearly demanstrates that within
thiz interosseons margin thers is an individualized bone
reliet, The wheole questien is wherther we can falk abont
mwherosity, We belicve 2o, becanse a wberosicy is defined as
& bony protuberance in which ligaments and/or muscles are
attached [9], These twea characteristics were indeed tound in
this relief, Theretfore, wie belicve that this work deseribes a
new anatomical suucture and we propose pame if; the radial
interossecn s therosiny.

The anatomic reliet presence on a bone surface is never a
ceincidence, Every detail of our anatomy is the resulr of spe-
cies long evolution which involves tough comperitive selec-
tion processes, lncreasing volume of a bane pat fesponds
1o a biomechanical need to abserb excessive phvsical stress.
These siresses may correspond (0 ensile or compressive
forces. For example concerning the wrist, radial distal epi-
plivsis is sizoificantly lacger than the ulnar and o pacallel,
biomechinical studies clearly show (hat most of longiiwdinal
consbainls wansitiong Do wreist w orearm pass (uough the
distal o of e radius [6]. In epposition concerning Lhe
elbow, proximal end of the uloa is sigmlicandy larger than
rodius head and meost of logaedinal stresses belween ann
andd forsarm pass througl olecranon.

With regard we IT. i is; therelfore. guestionables whether its
existences 15 a resull of lensile or compressive [urces, There
15 mever any conlact belween e radivs and the ulpa durng
Lhee pelation of e radios, The hvpothesis Giat this luberosily
developed in response Ly comprassive siresses; therelore,
seeins inconsislenl. By elimination, we moke the hypothesis
theat the development of this lberesity was progressively in
respuense W lensile e,

"ﬂ Springer
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Fig. 8 Mascle attachment on radial iobcrosscous taberosicy ideotified
during the hissection ol amomical sobieces: ) Vlesor pollicis lom
s lomestrin amierior surlzsce (hs Shductor podlicis hinpas {loremn

The ceneral Band is the chickest pare of 10OM whose func-
tion is te ensure radio-ulnar stability [1, 2, 4, 3], Indeed,
muscles attached from hnmems ra radins {pronator eres,
brachioradialis, supinatar constantly tends o tract the
radive-hand comples proximally, The same applies te mns-
<les extending from humerus (o the hand (flexor digitormm
superficialis, palmaris longuos, flexor carpi vlnaris, exten-
sor carpl radialis brevis and longus, extensor digitornm,
extensor dizitl minimi) doe oo the radice-wlnar variancee, At
the wrist level, radivs is longer than ulna that is why haod
proximal migration produces eady centact between wrist
and radive and therefore pushes it proximally [7].

Mdiother hpertant source of leszitedinal steess 1s divect
exfernal stiess an the Baod. I tends (0 cavse radial muara-
Lo curwand. In is the caze for example when boedy weizght is
supported dicectly oo the palmar side by pushiong, hiting or
[alling when Lunding an the haid, Lis total, tiers ace therelore
SOOCINOUS conslraints inlrinsic W e upper lmb or exieiosic,
which tend 1o cause proxinl radivs migration, This explains
central band size opposes s nuzation and tus contribules
L [orearm stablity [8, 1], However, central band Tunclion
15 linked 1o its bone attachment. Therefiore, we assurme that
the purpose of s berosily is e oppose the [orce Lhatl
lends allracting redius ina prosinal dirsclion.

Il 1= surprising Lhal Lhas (uberosily has never been
described since il 1s represented in mosl analomy roanwals
[<, 12, 17]. This can be explained by tie fact that TOM cele
has only been Tully umderstionsd over Lhe past baenly years.
Freviously, forearm stabalivy was suribuled anly o prosiemal

"ﬂ Springer

poaterior sucface) dc), Abductor pollicis longus reclined, oeovering
Extension podlicis booves (lorcanm postensor swrface)

and distal radic-ulnar joints, The interesseons membranc
simply appearcd as a fibeans tissoe filling the interosscans
space and serving as a muscle origin, Forearm longiondi-
nal and transverse stabilization fopction has been befter
nonderstood in light of work on forearm instability (.2,
Eszex Lapresti syidecme) [3, 8], Development of suraical
foreari stabilization technics by central band reproduction
has made it possible to focus on the radionloar syndesmosis,
which can be censidered functionally as the middle radio-
uliary joiat [LE].

It is possible to restore most of [OM function without
oevessacily wylng to eproduce enfite membrans, bul simply
by cential band reconstruction. All these teclhniques have in
couuino the lxaton of o tendon gralt e syothetic lgament
between radivs and ulua [L, 14, 13]. The radial area lixation
corresponds to central band attacluent. Coe of the clini-
cal applications of this work 15 therelore, (o lughliaht (e
close lik between cantial band and IT, easily recognicable
i Muoroscopy. There fore, 10 corresponds 1o an nlaopsalive
reference poinl wselul for pecforming forearm stabalization
Lechuigues.

Main lemtation of this study was the dilliculty in deter-
mining precise lmits of IT. Indesd. transitional 2one
Belween the IT and above or underlying areas 1= nol sharp.
To circwmevent s huoil, we wsed o protocol consisling
el multplving measurements by blind reviewers of their
respective measures. This s o classical metwsl used in bio-
rnedical research o reduce the bias associated willy measure-
el uncerlainly.
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Fig. 9 w; Inmterosscous membrane attachment on mdial incerosscoos
luberusity {luberesibs inleressen nelind, A puslesior view wilh ulnz
[lep] amd hame (rizhl) (i oeoon om mcinl inlemsseous bems-
ity pnd inferossrous membrans attachmen: £ oy, Bodial ineerosseoos
taberosivy (IT) 1= pepocecnicd by blue hatched arca with atachnent of
central band twhice cocles), grosinal and vwo disal accessory ands
Pehite armews ) aml dorsal chiioe: sceessery oomld Cwhile riangles)

Conclusion

The radial inferosseons mberosity uberositas interassea
radii) exists. [ corresponds to abont cne-third of the inter-
oascoms barder of the rading, by & cortex thickening, It may
play a mole in thomb fopction and in forsarm stabiling with
the arizing of most exteinsic thumb pmscles and the central
band of inferasscons membrane,
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