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Fig. 2 Case 6: a preoperative radiograph reveals a large radiolucent area in the distal radius. b Appearance just after surgery. ¢ At 37 months
after surgery, there is no absorption of IP-CHA or expansion of the cystic lesion

Fig. 3 Case 7: a preoperative radiograph reveals a large radiolucent
area in the distal radius. b Appearance just after the operation.
Curettage and IP-CHA implantation are inadequate. ¢ At 16 months

and expansion of the cystic lesion occurred with appear-
ance of a radiolucent zone around the implanted IP-CHA at
final follow-up (Fig. 3).

Before surgery, cases 5 and 9 had pain and swelling of
the wrist. Their pain and swelling improved after syno-
vectomy in addition to curettage and packing of the lesions.
In case 2 (Fig. 1), preoperative knee joint pain was
improved after curettage of a tibial cystic lesion and
packing with IP-CHA, as well as synovectomy of the knee
joint. The range of joint motion did not change signifi-
cantly after surgery. There were no complications related
to implanting IP-CHA, such as excessive postoperative
drainage, erythema, or wound infection.

after surgery, there is expansion of the cystic lesion, but no
reabsorption of implanted IP-CHA

Discussion

Juxta-articular intraosseous cystic lesions are commonly
found during the course of RA, and these lesions can
cause spontaneous pathological fractures that result in
extensive joint destruction [5—8]. Nakagawa et al. reported
two cases of giant geodes involving the olecranon process.
They performed surgery for an associated pathological
fracture in one patient and treated the other patient pro-
phylactically with an autologous iliac bone graft to
prevent fracture [5]. Lowthian et al. reported a patient
who had multiple pathological fractures of the phalanges
due to cystic lesions that led to residual instability of the
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fingers despite surgical treatment [6]. Wordsworth et al.
reported a patient with a pathological fracture of the
proximal ulna that was initially treated conservatively but
failed to unite, so that bone grafting was subsequently
performed [7]. Rappoport et al. reported three patients
with chronic RA who developed pathological fractures of
the olecranon process due to erosions or cysts [8].
Although intraosseous cystic lesions often occur in
patients with active RA and wrist joint involvement, it is
difficult to detect such lesions associated with fracture of
the distal radius by either clinical or radiographic assess-
ment. One reason might be that intermittent radiological
evaluation does not allow detection of pathological frac-
ture of the subchondral bone associated with an
intraosseous cystic lesion. The second reason might be
that concomitant pathological changes, including erosions,
destruction of cartilage, and subluxation of the radiocarpal
joint, make it difficult to detect an intraosseous cystic
lesion associated with fracture of the distal radius. In one
of our patients, joint collapse was associated with the
cystic lesion on radiographs. Figure 4a shows a double
contour indicating a fracture adjacent to this patient’s
intraosseous cystic lesion, while Fig. 4b displays rapid
progression of joint destruction after six months. Once
joint destruction has occurred (as in Fig. 4b), it is quite
difficult to detect the presence of a cystic lesion near the
radiocarpal joint. The findings in this patient suggest that
prophylactic surgical treatment of juxta-articular intraos-
seous cystic lesions in RA patients could be useful to
prevent impending fracture, as is the case with benign
bone tumors like solitary bone cyst or giant cell tumor of
bone. However, surgery is not often performed in RA

patients for the following reasons (among others). First, a
Jjuxta-articular intraosseous cystic lesion causes no symp-
toms or inconvenience itself. Second, autologous bone
grafting is associated with donor site morbidity [13], and
there are limitations on grafting because of the possible
need for multiple operations in patients with RA. Third,
an artificial bone substitute with excellent bone conduc-
tion properties was not available in the past. Conventional
hydroxyapatite implants achieve little bone ingrowth into
the deeper regions because there are few interpore con-
nections allowing bone marrow cells to infiltrate into the
implant, so a hydroxyapatite implant does not gain suffi-
cient mechanical strength. On the other hand, IP-CHA has
demonstrated excellent osteoconductivity in animal mod-
els as well as in clinical trials [9, 14]. IP-CHA has a high
porosity (75%), and the pores show uniform connections
with each other like the pores in cancellous bone. The
majority of the pores are approximately 100-200 um in
diameter with interconnections that are about 40 pm in
diameter, and the compression strength of IP-CHA is
about 10 MPa [14]. These structural differences from
conventional hydroxyapatite confer excellent bone con-
duction, so that host bone ingrowth is sufficient to achieve
adequate mechanical strength without autologous bone
grafting. On the other hand, Suzuki et al. reported a
patient with a giant geode in the tibial condyle that was
successfully treated with calcium phosphate cement (CPC)
[15]. Although the use of CPC provides initial high
mechanical strength and incorporation of the implant
surface into host bone may occur, a CPC block has no
pores. IP-CHA provides sufficient mechanical strength
after new bone ingrowth occurs due to its cancellous

Fig. 4 A 54-year-old man: a, b there is a pathological fracture and cystic lesion of the lunate fossa in the distal radius. ¢, d After 6 months, joint

destruction shows marked progression
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structure, and it might also show more physiological
resistance to mechanical stress. We aimed to utilize these
properties of IP-CHA to improve mechanical strength in
the treatment of intraosseous cystic lesions, and achieved
good radiological results in the present series. We also
found that IP-CHA is easy to handle and there is little risk
of leakage into adjacent joints.

In patients with RA, the bone adjacent to involved joints
develops juxta-articular osteoporosis, erosions, and intra-
osseous cystic lesions, with these changes being considered
to be due to an increase of osteoclastic bone resorption
[16-19] secondary to local overproduction of bone-
resorbing cytokines. The present study revealed that IP-
CHA was resistant to absorption, even in the pathological
state of RA for at least 47 months after surgery. This
property of IP-CHA makes it suitable for treating RA
because a more biodegradable material could also be
remodeled into bone but might then be affected by juxta-
articular osteoporosis or erosive changes.

One of our patients had severe RA that could not be
controlled due to concomitant hepatic and pancreatic dys-
function. The CRP level of this patient remained above
2.0 mg/dl before and after surgery, and expansion of the
cystic lesion occurred despite surgical treatment. This case
suggests that curettage and implantation of IP-CHA will
not suppress local disease activity and prevent the expan-
sion of a lesion if the patient has poorly controlled RA.
Recent advances in the treatment of RA with the advent of
biological agents have made it possible to prevent the
progression of joint destruction [20, 21]. Accordingly, the
expansion of cystic lesions may also be prevented by
controlling disease activity with more effective drugs. Such
advances in medical therapy may allow curettage and
packing with IP-CHA to become a better treatment for
juxta-articular intraosseous cystic lesions.

In patients with RA, the goals of surgical treatment
include relief of pain and improvement of joint function.
Procedures such as synovectomy, arthrodesis, and resection
arthroplasty mainly target pain relief. Implant arthroplasty
targets both pain relief and functional improvement, while
tendon transfer and tendon grafting are procedures that aim
to improve function. The present procedure represents a
new category of surgical treatment for RA that is indicated
to prevent impending articular fracture due to a large
intraosseous cystic lesion.

In RA patients, joint destruction is a process that
involves several events, including destruction of the sur-
face cartilage, resorption of mineralized cartilage, and
erosion of subchondral bone [22]. Pathological fracture
associated with a juxta-articular intraosseous cystic lesion
can also contribute to joint destruction, but not all cystic
lesions will cause fractures. The size and location of a
lesion, as well as juxta-articular osteoporosis, marginal

sclerosis, systemic disease activity, and the local inflam-
matory response might all influence the risk of fracture. To
adequately decide the indications for this procedure, a
method for assessing the risk of impending fracture asso-
ciated with juxta-articular intraosseous cystic lesions is the
next issue to be clarified. Recently, we have been evalu-
ating the impending fracture with CT, which shows the
size, location and features of a lesion clearly (see Fig. 1 in
the “Electronic supplementary material”). Limitations of
the present study include the small number of subjects and
the lack of a control group. However, these preliminary
results are still encouraging and suggest that treatment with
IP-CHA may become a useful method for preventing
fracture associated with juxta-articular intraosseous cystic
lesions in RA patients.

Conflict of interest statement The authors declare that there are no
competing financial interests.
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SCIENTIFIC ARTICLE

Interosseous Membrane of the Forearm: Length Change

of Ligaments During Forearm Rotation

Hisao Moritomo, MD, PhD, Kazuo Noda, MD, Akira Goto, MD, PhD, Tsuyoshi Murase, MD, PhD,

Hideki Yoshikawa, MD, PhD, Kazuomi Sugamoto, MD, PhD

Purpose An earlier anatomic study described five ligamentous components in the interosse-
ous membrane of the forearm (central band, accessory band, distal oblique bundle, proximal
oblique cord, and dorsal oblique accessory cord) and provided their precise location of
attachment. In the present study, we investigated in vivo length changes of these five
ligaments during forearm rotation to understand the function of each ligament.

Methods We acquired computed tomographies of nine forearms from seven healthy volun-
teers for 3 rotation positions: maximum pronation, neutral position, and maximum supina-
tion. We created 3-dimensional models of the radius, ulna, and the 5 ligaments by combining
osseous images and anatomic data of ligament attachment. We calculated 3-dimensional
ligament lengths between attachments during forearm rotation using a markerless bone
registration technique. We also examined relationships between the axis of forearm rotation
and each ligament.

Results The distal 3 ligaments (central band, accessory band, and distal oblique bundle) had
little change in length during forearm rotation, with their ulnar attachments located almost on
the axis of forearm rotation. The 2 proximal ligaments (proximal oblique cord and dorsal
oblique accessory cord) changed substantially in length, with their attachments out of the
course of the axis.

Conclusions The distal 3 ligaments of the interosseous membrane are essentially isometric
stabilizers of the forearm. The distal oblique bundle in the distal membranous portion may
stabilize the distal radioulnar joint in 40% of human subjects who have this ligament. (J
Hand Surg 2009;34A:685-691. © 2009 Published by Elsevier Inc. on behalf of the American

Society for Surgery of the Hand.)

Hey words Axis of rotation, length, ligament, interosseous membrane, in vivo.

HE INTEROSSEOUS MEMBRANE (IOM) of the fore-
arm is a combination of ligaments and mem-
branes that connect the radius to the ulna.'™
The IOM is divided into 3 parts: the middle ligamen-
tous complex and the distal and proximal membranous
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portions on either side of the middle ligamentous com-
plex. The central part of the middle ligamentous com-
plex is called the central band (CB)' (Fig. 1) and
represents the widest and stoutest ligament in the IOM.
The CB originates from the interosseous crest of the
radius, which is the ridge of the radius that projects
toward the ulna, courses distally, and inserts into the
interosseous border of the ulna. The remaining ligament
adjacent to the CB in the middle ligamentous complex
is the accessory band (AB), which forms a thinner
ligament than CB." Fibers of the AB run in a alignment
similar to the CB.

The proximal membranous portion has 2 ligaments:
the proximal oblique cord>®~ and the dorsal oblique

© 2009 Published by Elsevier, Inc. on behalf of the ASSH. + 685
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FIGURE 1: Schematic structure of the interosseous membrane.
Right forearm view from the anterior aspect. IOM consists of
distal, middle, and proximal portions. The middle portion is a
ligamentous complex that is further divisible into the CB and
AB. The DOB is present within the distal membranous
portion. The proximal oblique cord is present on the anterior
side of the forearm, and the dorsal oblique accessory cord on
the posterior side in the proximal membranous portion. R,
radius; U, ulna.

accessory cord® (Fig. 1). The proximal oblique cord
originates from the anterolateral aspect of the coronoid
process of the ulna and inserts just distal to the radial
tuberosity. The dorsal oblique accessory cord is exclu-
sively on the dorsal aspect of the forearm, which orig-
inates from around the distal two thirds of the ulnar
shaft and inserts into the interosseous crest of the radius.

Little attention has been paid to the ligamentous
component in the distal membranous portion. Some
investigators suggested that the distal membranous por-
tion stabilizes the distal radioulnar joint (DRUJ) when
the triangular fibrocartilage complex (TFCC) is disrup-
ted,"®!! but the exact fiber responsible for this function
has not been described. Our preceding anatomic study
of the IOM* revealed that 12 of 30 cadavers displayed
a thick fiber in the distal membranous portion, that is,
the distal oblique bundle (DOB), which originated from
around the distal one sixth of the ulnar shaft and in-
serted into the inferior rim of the sigmoid notch of the
radius (Fig. 1). We speculated that the DOB, if it exists,
may be an important stabilizer of the DRUJ because of
its close anatomic relationship with the DRUJ and TFCC.

Functions of the IOM are attributable to an inge-
niously arranged structure that allows concurrent

smooth forearm rotation and stabilization between the
radius and ulna.>!? During forearm rotation, each IOM
ligament behaves individually, becoming either taut or
slack. Measuring the force and tension on each ligament
in vivo is a useful way to understand how the IOM
stabilizes the forearm. Most information regarding the
function of the IOM ligamentous complex has been
acquired in cadavers using invasive procedures. Such in
vitro experiments cannot completely reproduce the
physical muscular force exerted across the forearm joint
in vivo. This limitation could alter the normal kinemat-
ics of ligaments,

Direct measurement of the force and tension on a
ligament in vivo is not possible, but researchers have
been able to measure irn vivo kinematics of human
joints'>~'> and ligament length'®!” using noninvasive
techniques. We speculated that increased length may
indirectly reflect a ligament that is not sagging and is
restraining excessive motion, whereas reduced length
represents a slackened ligament that does not stabilize
motion. Accordingly, length changes in each IOM lig-
ament may partially reflect its function. A previous
anatomic study” described five ligamentous compo-
nents in the interosseous membrane of the forearm (the
CB, AB, DOB, proximal oblique cord, and dorsal
oblique accessory cord) and provided their precise lo-
cation of attachment, enabling measurement of the
change in length of each ligament in vivo. We investi-
gated in vivo length changes of IOM ligaments during
forearm rotation to understand their function.

MATERIALS AND METHODS
Subject preparation and image acquisition

We studied 9 forearms (6 right and 3 left) from 7
healthy volunteers (3 women and 4 men). Mean age
was 18.0 years (range, 5-31 years). All subjects pro-
vided written informed consent to participate in this
study.

Subjects were positioned prone with the arm ele-
vated anteriorly on a computed tomography scanning
table (Helical computed tomography; LightSpeed Ul-
tral6; General Electric, Maukesha, WI). Computed to-
mography images were obtained, with a slice thickness
of 1.25 mm, for 3 rotation positions of the forearm:
neutral position, maximum supination, and maximum
pronation. Maximum position was defined as an ex-
treme position in pronation or supination in which the
subject could maintain the position easily without active
muscle contraction. The average degree of pronation
and supination was 77° ® 15° and 72° * 10°, respec-
tively. Data were saved in digital imaging and commu-
nication in medicine (DICOM) format.

JHS + Vol 34A, April 2009
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FIGURE '2: Determination of attachment location ‘of IOM lig-
aments. Location of the center of attachment is expressed as a
percentage of total bone length from'the distal ‘end of each bone.
First, the 3D bone model cut at a plane perpendicular to the
longitudinal axis at the level of attachment according fo the anatomic
data;. Then, an attachment point was placed on the interosseous
border: of the bone. R.A.; radial attachment of the ligament;
U.A., ulnar attachment of the ligament.

Creation of 3-dimensional (3D models of the radius and ulna

Volumetric data of the forearm were transferred to
kinematic analysis software (Virtual Place-M; AZE,
Tokyo, Japan) and regions of the radius and ulna in all
slice images were extracted semiautomatically by seg-
mentation. We then created 3D models of the radius
and ulna from the segmentation data. These models
were visualized using software developed in our labo-
ratory (Orthopaedics Viewer; Osaka University, Osaka,
Japan).

Determination of attachment locations of I0M ligaments

We calculated the geometric center of mass and the
principal axes of inertia for each 3D volume of the
radius and ulna. The principal axes of inertia were
defined as the long axis, and were placed on radius and
ulna models (Fig. 2). Our earlier anatomic study inves-
tigated attachment locations of the five ligaments in
which the location of the center of the attachment was
expressed as a percentage of total bone length from the
distal end of each bone. First; we cut the 3D bone model
at a plane perpendicular to the longitudinal axis at the
level of attachment according to anatomic data. We
then placed an attachment point on the interosseous
border of the bone. Ligament attachment is not a single

| o

oot

Interosemus
border of
ﬁle ulna

FIGURE 3: Ligament models and the axis of forearm' rotation.
Right forearm in the neutral position viewed from - anterior
aspect. al, distal portion of the central band; a2, middle
portion; ‘a3, proximal portion; b, distal ligament of the
accessory band; ¢, distal oblique bundle; d; proximal oblique
cord; ¢, dorsal oblique accessory cord.

point but rather a surface area, and investigating all
points in a given area is not possible. We therefore
chose a center point for the four ligaments other than
the CB. Three points were chosen for the CB (the distal,
middle, and proximal portions) because it is a wide
ligament (mean width of 9.7 mm)* compared with other
ligaments.

In vive measurement of the length of the ligament path

We included five ligaments for length measurement
(Fig. 3): the CB, distal ligament of AB, DOB, proximal
oblique cord, and dorsal oblique accessory cord. We
used a volume-based registration technique'® to mea-
sure ligament length at 3 rotation positions. This tech-
nique allows mathematical descriptions of the motion
of individual bones and relative motions by superim-
posing a bone in one position on the other position
based on similarity measures. By describing radius mo-
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tion relative to the ulna using this technique, we calcu-
lated the 3D shortest paths between radial and ulnar
attachments, which approximated the ligaments. Len-
gths of ligament were measured in 3 rotation posi-
tions. We used an algorithm that constrained the
ligament path to wrap over the bone surfaces, avoid-
ing bone penetration'®!” for the proximal oblique
cord because the path of this ligament curved along
the surface of the radial tuberosity. We calculated the
axis of rotation (AOR) of the forearm based on the
concept of the screw displacement axis'®!° and ex-
amined the anatomic relationships of the radius, ulna,
and each IOM ligament.

For statistical analysis, we used paired #-tests to
determine whether there were significant differences in
length between forearm rotation positions. A probabil-
ity value of p < .05 was considered statistically signif-
icant.

RESULTS
Length change of ligaments (Fig. 4)

The middle portion of the CB had little change in length
during forearm rotation. Mean lengths in pronation,
neutral position, and supination were 30.8 + 4.1, 31.4
*+ 3.8, and 31.5 * 4.1 mm, respectively. Although the
length significantly increased from pronation to neutral
position (p < .01), the mean difference was 0.7 mm,
Proximal and distal portions of the CB showed a similar
behavioral tendency to the middle portion.

The AB also changed little in length. Mean lengths
in pronation, neutral position, and supination were
20.5 +2.8,22.5 + 3.0, and 22.6 + 3.3 mm, respec-
tively. The length significantly increased from pro-
nation to the neutral position (p < .005) in which the
mean difference was 2.1 mm.

The DOB also changed little in length. Mean lengths
in pronation, neutral position, and supination were
259 £ 3.0,26.0 £ 3.4, and 25.4 * 3.1 mm, respec-
tively. Although the length significantly increased
from pronation to the neutral position (p < .01), the
mean difference was only 0.6 mm. The length change
of the DOB was the smallest among the five liga-
ments investigated.

The proximal oblique cord changed substantially in
length. Mean lengths in pronation, neutral position, and
supination were 30.6 = 54, 26.5 = 4.7, and 264 + 42
mm, respectively. The length significantly decreased
from pronation to the neutral position (p < .0001) in
which the average mean difference was 4.2 mm.

The dorsal oblique accessory cord changed substan-
tially in length. Mean lengths in pronation, neutral po-
sition, and supination were 29.2 * 4.7, 28.2 + 4.6, and

24.5 * 3.3, respectively. The length significantly de-
creased from pronation to the neutral position (p < .05)
and from the neutral position to supination (p < .0001),
in which the average mean difference between prona-
tion and supination was 4.7 mm.

Relationships between the axis of forearm rotation and each

ligament

The AOR ran distally through the fovea of the ulnar
head and proximally through the center of the radial
head (Fig. 3). The AOR passes along the interosseous
border of the distal half of the ulna. Proximally, the
AOR ran in the middle of the interosseous space and
through the proximal shaft of the radius around the area
where the interosseous crest of the radius disappeared.
Ulnar attachments of the CB, distal ligaments of the
AB, and the DOB were located almost on the course of
the AOR, which suggests that these three ligaments are
almost isometric during forearm rotation. Attachments
of the proximal oblique cord and dorsal oblique acces-
sory cord were not along the course of the AOR. Re-
lationships of the AOR with the radius, ulna, and each
IOM ligament were identical for all nine forearms.

In summary, the distal three ligaments (CB, AB, and
DOB) changed little in length during forearm rotation,
with their ulnar attachments located almost upon the
AOR. The 2 proximal ligaments (proximal oblique cord
and dorsal oblique accessory cord) substantially changed
in length, with their attachments out of the course of
the AOR.

DISCUSSION

Two cadaveric studies have shown the relationship of
the AOR to IOM ligaments.®'? Mori® described the
AOR as coinciding with the interosseous border of the
ulna, the site of CB insertion. Hollister et al.!?> demon-
strated that all thick fibers of the IOM crossed the AOR
near insertions in the ulna. Both studies indicate that the
CB is an isometric ligament of the IOM with no change
in tension during forearm rotation. However, there has
been little or no discussion of length change of IOM
ligaments other than for the CB.

We found that the CB, AB, and DOB were almost
isometric during forearm rotation, although a slight
reduction in length occurred in pronation. Nakamura et
al?*?2 carried out in vivo studies investigating dy-
namic changes in the shape of the IOM during forearm
rotation using 3D magnetic resonance imaging. They
reported that shape deformity in the distal portion of the
IOM occurred in pronation owing to muscle contraction
of the pronator quadratus muscle. The effect of the
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FIGURE 4: A=D Length changes of each TOM ligament. The distal 3 ligaments (CB, AB, and DOB) had little change: in length
during forearm rotation. In comparison, the proximal 2 components’ (proximal® oblique cord and dorsal oblique accessory cord)

changed substantially in length.
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FIGURE 5: Relationship between the distal oblique bundle and
the: triangular . fibrocartilage complex. The DOB. appeared. to
form an isometric collateral ligament with the TFCC to
stabilize the forearm during forearm rotation because the ulnar
insertions of these ligaments almost coincide” with the course
of the AOR.

muscles on the IOM may explain why length reduction
occurred in pronation.

The DOB is a ligament within the distal membra-
nous portion that we first described in our earlier ana-
tomic study. This ligament is unique because a thick
DOB existed in only 40% of the specimens. Originating
from around the distal one sixth of the ulnar shaft and
inserting into the inferior rim of the sigmoid notch of
the radius, the DOB seemed to show continuity with the
dorsal and palmar radioulnar ligaments of the TECC
(Fig. 5). The DOB appeared to form an isometric col-
lateral ligament along with the TFCC to stabilize the
DRUIJ during forearm rotation because ulnar insertions
of these ligaments almost coincided with the course of
the AOR. The present study revealed that the DOB
showed the smallest changes in length during forearm
rotation, with the ulnar origin lying on the course of the

AOR. We thus hypothesize that the DOB, if it exists, is
responsible for stability of the DRUJ during forearm
rotation. Several biomechanical studies support our hy-
pothesis. Watanabe et al.'® suggested that the distal
membranous portion is the region that constrains volar
and dorsal laxity of the radius at the DRUJ in all
forearm rotation positions. Kihara et al.'! found that
subluxation of the DRUJ occurred after the distal mem-
branous portion was cut when the TFCC had been
disrupted.

In clinical settings, we often encounter TFCC dis-
ruption cases with or without gross instability of the
DRUIJ and those with or without gross instability of the
distal ulnar stump after distal ulnar resection, as de-
scribed by Darrach.>® We know that a substantial indi-
vidual difference exists in the stability of the DRUJ
under such pathologic conditions. However, no reason-
able explanation for this phenomenon has been sug-
gested. Considering the fact that a thick DOB exists in
only 40% of human subjects, we speculate that it acts as
a secondary stabilizer of the DRUJ when the TFCC is
damaged in patients with a DOB, and stability depends
on whether the patient has a DOB. Further biomechani-
cal studies that compare groups with a DOB and those
lacking it are required to verify our hypothesis.

Compared with the CB, DOB, and the distal liga-
ment of AB, the proximal oblique cord and dorsal
oblique accessory cord did not represent isometric com-
ponents. The proximal oblique cord is located in the
most proximal region of the interosseous space, origi-
nating from the anterolateral aspect of the coronoid
process of the ulna and inserting just distal to the radial
tuberosity. Functions of this ligament are controversial
and unconfirmed. Martin’ and Tubbs et al.® stated in
their respective cadaveric studies that the proximal -
oblique cord is lax in the neutral position and pronation
but taut in supination. Conversely, Patel® reported in his
study, using forelimbs of anthropoid primates, that the
ligament was lax in the neutral position and supination
but became taut in pronation. Our study revealed a
dramatic increase in length of the proximal oblique cord
in pronation, with the radial attachment out of the
course of the AOR, supporting Patel’s observations.
Thus, the proximal oblique cord is not an isometric
component, but is a restraint from excessive pronation
motion. This study revealed a gradual increase in length
from supination to pronation. The radial attachment was
away from the course of the AOR. We therefore sug-
gest that the dorsal oblique accessory cord works as a
restraint from excessive pronation motion rather than
forming an isometric component.

JHS +Vol'34A, April 2009




LENGTH CHANGE OF INTEROSSEOUS MEMBRANE 691

The current study had limitations. An increase in the
length of the ligament in response to an increased load
does not indicate that the ligament is tight, because it
can increase tension without changing its length. We
used attachment location data from the IOM ligaments
of cadaver specimens because attachment locations of
living subjects cannot be distinguished by imag-

ing.>*=2" Our in vivo length measurement of the IOM
ligament is likely to be more physiologic than those
using cadavers, which lack muscle tone.

In conclusion, distal ligaments (the CB, distal liga-
ment of AB, and DOB) of the IOM appear to form an
isometric ligamentous chain to stabilize the forearm
during forearm rotation, whereas the proximal liga-
ments (the proximal oblique cord and dorsal oblique
accessory cord) seem to act as restraints from excessive
pronation motion of the forearm. The DOB in the distal
membranous portion was suggested to stabilize the
DRUIJ in 40% of human subjects who have this liga-
ment. We hope that this study will prove useful in
elucidating the mechanics and pathomechanics of fore-
arm stability.
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INTRA-ARTICULAR DISTAL ULNAR FRACTURES
ASSOCIATED WITH DISTAL RADIAL FRACTURES IN
OLDER ADULTS: EARLY EXPERIENCE IN FIXATION OF
THE RADIUS AND LEAVING THE ULNA UNFIXED

J. NAMBA, T. FUJIWARA, T. MURASE, T.KYO, I. SATOH and T. TSUDA

From the Departments of Orthopaedic Surgery, Minoh City Hospital, Ryokufukai Hospital, and Osaka University Graduate
School of Medicine, Japan

There is no clear consensus about the best management of intra-articular distal ulnar fractures
associated with distal radial fractures in older adults. We describe a treatment wherein the distal
radial fractures were securely fixed with a palmar plate, leaving the associated ulnar fractures
unfixed. The wrists of 14 patients with a mean age of 74 years were reviewed at an average.of
18 months after surgery. The results were excellent in 11 cases and good in three, according to the
modified Gartland and Werley score. All fracture sites displayed union, and there was no instability
of the distal radioulnar joint. A widening of the distal radioulnar joint space was present in one wrist.
Angular deformity of the distal ulnar metaphysis was seen in five wrists. This treatment could be an
alternative to open reduction with internal fixation for intra-articular distal ulnar fractures in older

adults.

Keywords: ulnar head fracture, conservative treatment, distal radial fracture, distal ulnar fracture

INTRODUCTION

Distal ulnatr - fractures associated with distal radial
fractures are common. There is a consensus regarding
the conservative: treatment for associated styloid. tip. or
simple neck fractures, which are usually categorised as
stable types of fracture (Faierman and. Jupiter, 1998;
Fernandez and Jupiter, 1996; Geissler et al.; 1996; Logan
and- Lindau, 2008). However, an intra-articular distal
ulnar fracture (IADUF) associated with a distal radial
fracture has been considered to be potentially unstable
because it is an intra-articular fracture and involves a
fragment to which the triangular fibrocartilage complex
(TFCC) - is -attached. Open reduction and  internal
fixation (ORIF) ‘with plates ‘is- recommended for
IADUF to achieve stabilisation if possible (Faierman
and Jupiter, 1998; Fernandez and Jupiter, 1996; Geissler
etal., 1996; Logan and Lindau, 2008). However, internal
fixation for IADUFE is very challenging in older patients
due to the poor bone quality and small size of the
fracture fragments, For these reasons; various non- or
minimally-invasive treatments are preferred for IADUF
in older patients in many clinical situations (Biyani ¢t al.,
1995). These methods often lead to disappointing results
such as a painful distal radioulnar joint (DRUJ) and
decreased  forearm ' rotation - (Biyani - et al;, 1995).
Currently, there is' no clear consensus regarding the
appropriate management . of -associated IADUF  in
older patients. We have retrospectively reviewed the

radiographic and functional results of conservative
treatment for IADUF and ORIF with palmar plates
for associated ipsilateral distal radial fracture in a group
of patients with an average age of 74 years, and we
discuss the potential of this treatment in older adults.

PATIENTS AND METHODS

IADUF was defined as the presence of an: articular
fracture extension of the distal ulnar metaphysisinto the
ulnocarpal joint or DRUJ with or without associated
styloid fractures as seen on plain radiograph or com-
puted tomography. Patients with non-IADUF condi-
tions such as an associated fracture of the tip of the ulnar
styloid - or. simple ulnar neck fracture, and  patients
younger than 55 years were excluded. Between 2003
and 2007, we treated 14 wrists in 13 female patients
(average age 74 years; range 57-93) who had a distal
radial” fracture and an TADUF in the same: wrist.
According to the classification of Biyani et al. (1995)
(Fig 1), there were five cases of Type 2 (inverted T- or
Y-shaped fracture with an' ulnar styloid fragment
including a portion of the metaphysis) and nine cases
of Type 4 (comminuted fracture of lower ulnar meta-
physis, with or without styloid: fracture) for the distal
ulna. Distal radial fractures were classified according
to the AO: Comprehensive Classification of Fractures
(Miiller et al., 1990); there were 11 cases of Type A and
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three cases of Type C (Table 1). For all distal radial
fractures, internal fixation was carried out under general
anaesthesia. The distal radius was approached between
the radial artery and the flexor carpi radialis tendon with
the pronator quadratus being detached, and anatomical
reduction of the palmar cortex of the distal radius
was - accomplished.  One nonlocking palmar plate
(Matrix plate, Stryker, Inc., USA) for case 1 and 13
palmar fixed-angle plates (Stellar plate, Japan Universal
Technologies, Inc., Japan) were used for fixation.
Polymethylmethacrylate  bone  cement  (Surgical
Simplex P, Stryker, Inc., USA) was used in two wrists,
and granules of hydroxyapatite (Bonefill, Mitsubishi
Well Pharma, Inc., Japan) was used in one wrist to

Type 1 2 3 4

o

Fig 1 Fracture classification of the distal ulna according to Biyani
et al.’ (1995).

Table 1—Patient demographics and results

fill the metaphyseal defect in the distal radius, and
consequently maintain anatomical reduction. Reduction
of the IADUF was not attempted. In all cases,
intraoperative radiographs revealed the absence of any
dislocation or subluxation of the DRUJ, and the absence
of instability was confirmed with a manual stress test
(Nakamura et al., 2004) during surgery. Postoperatively,
a palmar splint was applied for 2 weeks while permitting
possible rotational motion of forearm. After 2 weeks, the
splint was removed, and active and passive mobilisation
of the wrist began. All patients were encouraged to carry
out finger mobilisation, forearm rotation, and elbow and
shoulder movements when splinted, and to move the
wrist after the removal of the splint. However, during
the early postoperative period, those patients who were
judged by the authors to have a risk of contracture
received supervised physiotherapy.

All patients were reviewed clinically and radiographi-
cally. The instability of the. DRUJ was examined again
with the same manual test that was done during the
intraoperative. examination. The clinical results were
assessed according to the system of Gartland and Werley
as modified by Sarmiento et al. (1975). In its modified
scoring system, the category of nerve complications was
expanded to include the ulnar nerve. Range of motion
(ROM) was evaluated by recording the degree of flexion-
extension and pronation-supination with a standard
goniometer. Grip strength was measured by a hand
dynamometer (Matsumiya, Co., Ltd:, Japan). One
patient (case 5) sustained bilateral wrist fractures that

Fracture classification ROM
Radius Ulna Functional
Case Age Side AO Biyani E[F PIS Grip strength** score*** Complication
1 57 L A2 4 85/75 80/95 96 Excellent
2 67 L A3 4 95470 75/95 89 Excellent
3 66 R* A2 2 75/45 90/90 91 Excellent
4 93 R* A3 2 65/50 90/90 36 Good ulnar nerve palsy
5 84 R* Cc2 4 50/45 80/65 36 Good
L A3 4 65/50 50/90 41* Excellent
6 77 R* A3 2 81/67 85/90 100 Excellent
7 75 L A3 4 85/60 70/90 78 Exceéllent
8 65 L* A3 2 64/55 70/85 83 Excellent
9. 84 R* A3 4 66/54 80/90 75 Excellent
10 76 R* Cc3 4 50/55 75/85 43 Good
11 87 L A3 4 66/58 80/90 78 Excellent
12 66 L C3 4 85/50 90/90 93 Excellent
13 59 L A3 2 86/58 80/70 71 Excellent

*dominant hand.

**% of the contralateral side.

***modified Gartland and Werley scoring system.

#9% of the left hand at healthy period before second injury:
E/F =extension/flexion; P/S:= pronation/supination.

D from http/fhs.

com at HOKKAIDO. UNIV: LIB. (IGAKUBU) on February 3; 2010



594

Table 2—Radiographic results
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Case RI* PT* uy* Time to bone Residual angular Grade according to

(degrees) (degrees) (mm) union of the ulnar deformity of the niodified system of.

[fracture (weeks) ulna (degrees) Knirk and Jupiter
1 25/25 —4/~4 0/0 12 16 1
2 19/20 0/0 0/2 15 nil 0
3 32/30 4/5 /15 12 nil 0
4 23/20 0/0 0/0 7 nil 1
5(R) 30/35 =12/-11 -3/=2 20 9 1
5(L) 28/35 =2[=2 =1.5/=1 12 10 0
6 29/31 15/14 3.5/3 12 nil 0
7 27/30 4/6 =11 9 17 1
8 30/29 717 ~3/=2.5 9 nil 0
9 22/22 13/10 =3/-2 12 nil 0
10 19/22 4/4 ~1/0 8 9 1
11 27/30 9/8 2.5/2 12 nil 0
12 23/25 7/9 2.4/1.9 12 nil 0
13 28/26 12/12 0/0 12 nil 0

RI = radial inclination; PT = palmar tilt; UV =ulnar variance.

*immediately postoperatively/at the final follow-up.

had occurred at different times, and sustained the left
wrist fracture 2 months after surgery to the damaged
right wrist. Preoperative grip strength of the healthy left
hand was used for control data. Postoperative radio-
graphs were assessed for fracture union of the distal
radius and ulna; the parameters included radial inclina-
tion (RI), palmar tilt (PT), ulnar variance (UV) and the
change in appearance of the distal ulnar metaphysis and
DRUJ. DRUYJ arthritis was classified according to the
modified criteria of Knirk and Jupiter based on a plain
radiograph (Catalano et al., 1997). Fracture healing was
defined as bone continuity over the cortical aperture.
Radiographic parameters were measured by the Synapse
PC-based imaging system (Fujifilm Medical Co., Ltd.,
Japan).

RESULTS

The mean follow-up time was 18 (range 6-52) months.
Five patients (cases 4, 8, 10, 13 and 14) received
supervised physiotherapy. At the final outpatient exam-
ination, union was evident at all fracture sites in the
distal ulna and radius. Postoperative healing of
the IADUF was evident at an average of 12 weeks
(range 7-20) (Table 2). As assessed using the modified
system of Gartland and Werley (Sarmiento et al., 1975),
there were 11 excellent and three good results at the final
assessment (Table 1). Grip strength was the parameter
that showed least improvement in the good cases. Two of
three good cases were associated with a Type C fracture
of the distal radius:

There was no DRUI instability in the manual stress
test. The average ranges of the wrist and forearm motion
were 57° (range 45-75) for palmar flexion, 73° (range

50-95) for extension, 78° (range 45-90) for pronation,
and 87° (range 65-95) for supination (Table 1). The
average grip strength was 72% of the contralateral side
(Table 1). RI, PT and UV on the final radiographs were
27°, 4° and 0.3mm on average, respectively (Table 2).
Widening of the DRUJ space in the coronal plane
(5.2mm) was apparent in case 1 (Fig 2 and Table 2).
In this case, atrophy of the distal ulnar metaphysis
was thought to be the cause of an apparent horizontal
DRUIJ gap. In the other cases, atrophy of the distal ulnar
metaphysis was not recognised.

Five cases had angulation deformity of the distal ulna
in the coronal plane (apex radial) with a mean of 12°
(Table 2). In one case (case 6), the alignment of the distal
ulnar metaphysis was considered to be gradually reduced
during the postoperative period, because an angulation
(ulnar apex) of 14° at the immediate postoperative stage
had disappeared by final follow-up (Fig 3). With regard
to the arthritis grades for the DRUJ, five wrists had
grade 1 arthritis (slight narrowing or irregularity of
joint space) (Catalano etal., 1997). Four cases (cases 1, 4;
5R, 10) had an irregular articular surface on the ulnar
side of the DRUJ and case 7 had a slight narrowing of
the DRUJ. Four of five cases with grade 1 arthritis in the
DRUIJ coincided with the cases with an angulation
deformity of the distal ulna (Table 2).

There was one post-surgical complication of ulnar
nerve palsy, the symptoms of which were numbness and
paraesthesia over the ulnar side of the hand, and a claw
deformity (case 4, Table 1). There was a positive Tinel’s
sign on the ulnopalmar of the wrist which coincided
with the IADUEF site. This patient had full recovery
in the ulnar nerve after surgical release 3 months after
operation. From the intraoperative findings, it was
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(A) () g (b)

, B)(a)

Fig 2. Radiograph of the wrist (case 1). (A) Initial radiograph of the wrist. (B) Radiograph immediately after operation: (C) Final radiograph.
All radiographs show (a) anteroposterior and (b) lateral view. The widening of the DRUJ space was. apparently due to atrophy of the

distal ulnar metaphysis:

believed that scar tissue at the fracture site  had
entrapped the nerve.

DISCUSSION

There has been little guidance for management of
IADUE associated with distal radial fractures, After
concomitant distal radial fractures have been stabilised,
it has been recommended that the IADUF be stabilised
with plates with adequate fixation if possible (Faierman
and Jupiter, 1998; Fernandez and Jupiter, 1996; Geissler
et al,, 1996). Logan and Lindau (2008) stated that
operative treatment is not recommended in all cases.
Ring et al. (2004) described internal fixation with
minicondylar blade plate for five cases of IADUF
among 24 distal radial and ulnar fractures in relatively
young patients. Dennison (2007) also reported use of the
locking plate fixation in three cases of IADUF among
five cases of distal radial and ulnar fractures (mean age

D from hitpiifihs D

52 years). However, in older adult patients, it is quite
difficult to fix the fragile osteoporotic fragments with
screws and to place hardware on the short nonarticular
arc of the distal ulna metaphysis. Biyani et al. (1995)
reported on five conservatively treated cases of IADUF
among a series of 19 combined distal radial and ulnar
fractures. Over 2 mm of ulna plus variance due to axial
shortening of the radius was observed in two of the
wrists, and callus formation bridging into the DRUJ was
observed 1n one wrist.. Their data indicated that the
simple conservative method can often lead to ulnocarpal
abutment, painful DRUJ arthrosis and a restricted range
of forearm rotation.

Excellent stability for distal radial fracture and
prevention of radial shortening in the elderly is now
possible with the development and success of the palmar
fixed-angle plate (Smith and Henry, 2005). Anatomical
reduction of the distal radius brings the sigmoid notch
(a bony stabiliser of the DRUJ) to its anatomical
position, which ensures the stability of the DRUJ.
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Fig 3 Radiograph of the wrist (case 6). (A) Initial radiograph of the wrist. (B) Radiograph immediately after operation, showing a 14°
angulation deformity of the distal ulnar metaphysis (ulnar apex). (C) Final radiograph showing that the angulation apparent at the
immediate postoperative stage had disappeared by final follow-up. All radiographs show (a) anteroposterior and (b) lateral view.

We speculated that a realistic approach to resolve the
problems of IADUF associated with distal radial
fracture in older adults patients would be to make
an anatomical and rigid fixation with a palmar
plate on the distal radius, while leaving the ulna unfixed,
and to begin early wrist mobilisation to avoid stiffness.
In this study, we retrospectively reviewed the above-
mentioned treatment in 14 cases with older adult
patients.

The IADUF seemed to unite easily only if the distal
radial fracture was anatomically and rigidly fixed. The
surgical techniques of Baldwin’s operation (Kersley and
Scott, 1990) and the Sauvé-Kapandji method, which aim
to create a pseudarthrosis in the distal ulna, are best
accompanied by resection of not only the ulnar neck
but also the surrounding periosteum to prevent bone
regeneration within a periosteal sleeve (Kersley and
Scott, 1990; Taleisnik, 1991). It might follow that
conservative treatment of the JADUFs in our series,
which preserved the periosteum of the ulna whereas
the distal radial fracture was surgically stabilised in an
anatomical position, would achieve bone union despite
early wrist mobilisation.

There was no instability of the DRUJ after surgery.
Biyani et al. (1995) surmised that the fractures of the distal
radius and ulna might dissipate energy more proximally,
thus protecting the carpus, as shown by the absence of
carpal injuries in their study. We also considered that an
IADUF involving the fragment that attaches the TFCCis
not an avulsed fracture, but a comminuted fracture of the
distal ulnar metaphysis which maintains the periosteum.
Furthermore, the DRU]J is stabilised by bony and soft
tissue components such as the sigmoid notch, TFCC
(primary stabiliser), extensor carpi ulnaris subsheath,
pronator quadratus, and DRUIJ capsules (secondary
stabilisers) (Gofton et al.,, 2004). If the sigmoid notch
and other secondary stabilisers normally function by
reducing the distal radius anatomically, normal DRUJ
kinematics are maintained so that the fragment to which
TFCC is attached cannot be separated from the fracture
site (Gofton et al., 2004).

In contrast, five cases had an angulation deformity of
the distal ulnar metaphysis in the coronal plane (apex
radial). This phenomenon seems similar to the radioulnar
convergence after the Sauvé-Kapandji procedure, which
can be induced by traction forces from the muscles of the
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first dorsal compartment and the interosseous membrane
(Inagaki et al., 2006). The IADUF united while the
proximal part of the ulna was being pulled by muscles
in some of our cases, which resulted in an angulation
deformity (apex radial). We consider that the transient
angulation deformity (apex ulnar) in one case (case 6)
changed to a nil angulation for the same reason.
Consistent with this, Dennison (2007) also reported a
residual angulation (apex radial) of a maximum of 8° in
his series, including fractures of the distal ulnar shaft. In
our cases, angular malunion of the distal ulnar metaphysis
did not affect the range of forearm rotation.

Regarding the DRUJ incongruency, the final radio-
graphic parameters were well preserved when compared
to postoperative ones. In this study, the average ulnar
variance was 0.3 mm positive which led to the absence of
an ulnocarpal abutment (Table 2). However, there was
irregularity of the articular surface in four cases, and
slight narrowing in one case in the DRUIJ in our series
(Table 2). One case (case 1) showed widening of the
DRUIJ space due to the atrophy of the ulnar metaphysis,
which appeared similar to DRUJ dissociation. The cause
of the atrophy is unknown; however, only in this case was
the distal radius fixed with a nonlocking palmar plate,
whereas fixed-angle plates were used in all the other cases.

There was one complication of ulnar nerve palsy.
Although it is unknown if the present method is likely to
produce ulnar nerve injury, careful monitoring will be
required to detect its occurrence in future cases.

Our study demonstrates that for IADUF associated
with distal radial fractures, bone union with functionally
satisfactory results can be achieved only if the distal
radial fractures are anatomically and rigidly fixed. All
patients reported good function in the forearm and wrist,
and no patient noted pain in the DRUIJ or restrictions
in work or daily activities. The drawback is the radio-
graphic problem of early degenerative arthritis of the
DRUJ and angulation deformity of the distal ulnar
metaphysis. Therefore we do not recommend its primary
use in young patients.

Although the number of cases reported here is small,
the results are encouraging. When ORIF of the IADUF
is not a viable option, this treatment might be a good
alternative, especially in older adult patients.
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SCIENTIFIC ARTICLE

Interosseous Membrane of the Forearm: An Anatomical

Study of Ligament Attachment Locations

Kazuo Noda, MD, Akira Goto, MD, PhD, Tsuyoshi Murase, MD, PhD, Kazuomi Sugamoto, MD, PhD,

Hideki Yoshikawa, MD, PhD, Hisao Moritomo, MD, PhD

Purpose The interosseous membrane (IOM) of the forearm is a stout ligamentous complex
that reportedly comprises several ligamentous components. The purpose of this cadaveric
study was to define all IOM ligaments and to clarify the precise attachment locations.

Methods Thirty forearms from 15 embalmed cadavers were used. After dissection, all IOM
ligaments were identified, and attachments were measured from the tip of the radial styloid
or the ulnar head. Attachment locations were represented as a percentage of total bone length
from the distal end of the radius or ulna.

Results The IOM included 5 kinds of ligaments: central band, accessory band, distal oblique
bundle, proximal oblique cord, and dorsal oblique accessory cord. The most distal and
proximal ends of the radial origin of the central band were 53% and 64% of total radial length
from the tip of the radial styloid, whereas those of the ulnar insertion were 29% and 44% of
total ulnar length from the ulnar head. The center point of the radial origin and ulnar insertion
of the accessory band were 37% and 23%, respectively. The center points of the ulnar origins
and radial insertions were 15% and 10% for the distal oblique bundle; 80% and 79% for the
proximal oblique cord; and 64% and 62% for the dorsal oblique accessory cord, respectively.

Condlusions The present study clarified precise attachment locations of all representative IOM
ligaments. This information will be useful in planning proper graft placement in ligament
reconstruction surgery and for future biomechanics research into the function of the IOM
ligaments. (J Hand Surg 2009;34A:415-422. © 2009 Published by Elsevier Inc. on behalf
of the American Society for Surgery of the Hand.)

Key words Anatomy, attachment location, forearm, interosseous membrane (IOM), ligament.

HE INTEROSSEOUS MEMBRANE (IOM) of the fore-
arm is a stout ligamentous complex linking the
radius to the ulna. The anatomy of this structure
has been studied by various investigators."”” The IOM
reportedly consists of distal membranous, middle liga-
mentous, and proximal membranous portions. Each
portion is also known to include several ligamentous
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components. The most representative component of the
IOM is called the central band (CB),"* the broadest and
stoutest collection of fibers in the IOM, running ob-
liquely from the proximal radial shaft to the distal ulnar
shaft. Prior biomechanical studies'*~'" have revealed
that the CB plays important roles in maintaining fore-
arm functions, as the longitudinal stabilizer of the fore-
arm, and as a load transmitter between the radius and
ulna.

The other components of the IOM reportedly com-
prise the accessory band (AB),” which is located adja-
cent to the CB; the proximal oblique cord*>'*~'* on the
anterior aspect of the forearm; and the dorsal oblique
accessory cord” on the posterior side. Some confusion
seems to exist with regard to the terminology because
prior authors have often used their own terms to repre-

© 2009 Published by Elsevier, Inc. on behalf of the ASSH. + 415



416 ANATOMY OF THE INTEROSSEOUS MEMBRANE

FIGURE 1: Measurement of attachment locations of IOM ligaments. Lr, radial length; Lu, ulnar length. a to 1, lengths from the tip
of the radial styloid for the radius or from the ulnar head for the ulna. Attachment locations are expressed as percentages of total
bone length from the distal end (e.g., a/Lr X100). a, b and c, d, distal and proximal ends of the central band; e, f, distal ligament
of the accessory band; g, h, distal oblique bundle; i, j, proximal oblique cord; k, 1, dorsal oblique accessory cord.

sent these structures, and the functions of these liga-
ments remain a mystery.

IOM researchers have documented the morphologi-
cal characteristics of the IOM ligaments well, including
measurements such as width,"**> thickness,'”® and
insertion angle of the ligament into the radius and
ulna.>”' The purpose of this study was to define all
IOM ligaments and to clarify precise attachment loca-
tions.

MATERIALS AND METHODS

Thirty forearms from 15 embalmed cadavers (9 fe-
males, 6 males) were examined for the width, thickness,
and attachment location of the IOM ligaments. Mean
age at time of death was 85 years (range, 60-96 years).
No apparent pathological lesions were identified in the
forearms. The upper extremities were amputated at the
middle of the upper arms. Specimens were carefully
stripped of all soft tissues remaining on IOM structures
and capsuloligamentous tissues around the wrists and
elbows. The measurements were made with the forearm
positioned in neutral rotation. The width and thickness
of each IOM ligament was measured using calipers
(accuracy, 0.05 mm; Mitutoyo, Kanagawa, Japan). We
then identified the origins (proximal attachments) and

insertions (distal attachments) of all ligaments. The
locations of the attachments were measured from the tip
of the radial styloid for the radius and from the ulnar
head for the ulna (Fig. 1). For the CB, both the distal
and proximal ends of attachment were measured be-
cause it had a broad attachment. For the other liga-
ments, only the center points of the attachments were
measured because they had narrow attachments. A
stainless steel ruler (accuracy, 0.15 mm; Shinwa Rules,
Niigata, Japan) was used for location measurement.
Attachment locations were expressed as percentages of
the total bone length of the radius or the ulna from each
distal end.

RESULTS
Middle ligamentous complex

The middle portion of the IOM (the middle ligamentous
complex) was a complex of ligaments that were quad-
rilateral in shape and were located within the interosse-
ous space. The middle ligamentous complex was fur-
ther divided into 2 ligamentous components, the CB
and the AB.

Central band:  The widest and thickest ligament was the
CB, forming part of the middle ligamentous complex
(Figs. 2-5). The CB originated from the interosseous
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FIGURE 2: Schematic structure of the IOM. Right forearm
viewed from the anterior aspect. The IOM consists of distal,
middle, and proximal portions. The middle portion is a
ligamentous complex (middle ligamentous complex) that is
further divisible into the CB and the AB. Distal and proximal
portions on either side of the middle portion comprise
transparent membranous tissue (distal and proximal
membranous portions) with holes for perforation of the
interosseous artery. The DOB is present within the distal
membranous portion. The proximal oblique cord is present on
the anterior side of the forearmm and the dorsal oblique
accessory cord on the posterior side in the proximal
membranous portion. R, radius; U, ulna.

crest of the radius, which is the interosseous ridge of the
radius that projects most ulnaward, then coursed dis-
tally and ulnarly and inserted into the interosseous bor-
der of the ulna. The CB was seen in all specimens. The
mean width was 9.7 = 3 mm (range, 4.4-16 mm)
measured perpendicular to its fibers, and the mean
thickness was 1.3 = 0.2 mm (range, 1-1.6 mm). The
locations of the attachments of the CB on the radius and
ulna are detailed in Table 1.

Accessory band:  Several ligaments, which were in the
same coronal plane as the CB, existed on either side of
the CB in the middle ligamentous complex and were
collectively termed the AB (see Figs. 2, 3). The fibers of
the AB ran in almost the same direction as the CB

FIGURE 3: Backlit photograph of IOM ligaments. Asterisks
indicate the CB as part of the middle ligamentous complex,
which originates from the interosseous crest of the radius
(white arrow), runs distally and ulnarly, and inserts into the
interosseous border of the ulna. Arrows indicate the AB,
which runs in a similar way to the CB. Arrowheads indicate
the DOB within the distal membranous portion, which
originates from around the distal one sixth of the ulnar shaft
and inserts into the inferior rim of the sigmoid notch of the
radius. Broken arrows indicate the dorsal oblique accessory
cord on the posterior aspect of the forearm, which originates
from around the distal two thirds of the ulnar shaft and inserts
into the interosseous crest of the radius. The proximal oblique
cord cannot be distinguished in this photograph because this
cord is in contact with the surface of the radial tuberosity (x).
R, radius; U, ulna.
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