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Abstract

The distal oblique bundle of the forearm is a structure that has been under vigorous
investigation for the past decade. It is part of the distal interosseous membrane (DIOM) and
seems to have an important stabilizing effect in the distal radioulnar joint. In this essay, we
have tried to summarize the anatomical characteristics of the structure. We have also compared
and contrasted this to our own experience with eight freshly frozen forearms. It is our strong
belief that the distal oblique bundle (DOB) may play a keystone role in future stabilization
techniques of the distal radioulnar joint, and its anatomy characteristics need to be fully
investigated.

Categories: Orthopedics, Anatomy
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Introduction

Distal oblique bundle (DOB) is the thickest part of the distal interosseous membrane (DIOM) of
the forearm. It has a very important stabilizing effect on the distal radioulnar joint [1-3]. It is
known as a distinct structure since 2009, when Noda et al. first named it [1]. Their exact
definition was as follows: “The DOB originated from approximately the distal one-sixth area of
the ulnar shaft, approximately coinciding with the proximal border of the pronator quadrates
muscle, and ran distally toward the distal radioulnar joint (DRUJ). The fibers blended into the
capsular tissue of the DRUJ and eventually the DOB inserted to the inferior rim of the sigmoid
notch of the radius. Furthermore, some fibers extended more distally along the anterior and
posterior ridges of the sigmoid notch, so the DOB seemed to display continuity with the dorsal
and palmar radioulnar ligaments of the triangular fibrocartilage complex (TFCC)”. This
definition has been accepted in most of the relevant literature. In addition to this, Hohenberger
et al. noticed one or more connecting fibers to the DRUJ or to components of the TFCC, in 85%
of DOBs [4].

By reviewing the previous literature, it seems that Noda et al. were not the first to notice this
structure. We noted that other authors may have stumped on the DOB, but never named it. For
example, Gabl et al., in their figures, depicted the distal radioulnar tract, but they did not
mention the bundle that courses volarly and opposite to it [5]. Moritomo mentioned later that
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the tract lies dorsally to the DOB and courses opposite to it [6-7]. Schneiderman et al., when
describing the distal membranous portion of the interosseous membrane, mentioned some
major bundles that course from the radius to the ulna and also the occasional appearance of
one or two bands just proximal to the TFCC that course from the ulna to the radius [8]. Kapanji,
in 1984, described a “tract” in the DIOM extending from the distal radius proximally to the ulna
[9]. Earlier to this (1979), Kusswetter and Schmid had mentioned thin horizontal fibers between
the distal radius and the ulna that inserted into the periosteum [10]. During our research, we
also noted that way back in 1935, Lanz and Wachsmuth had described a structure that also
coursed from the distal radius proximally to the ulna [11]. All these made us believe that the
DOB is a structure of the DIOM that is known from the past. Probably, there are more
references to it that are not known to the authors.

The aim of this study was to demonstrate the anatomic characteristics of the DOB, from our
own experience with dissection of eight freshly frozen forearms, and also compare the results
obtained in this study with the current literature.

Materials And Methods

Eight fresh-frozen forearms were dissected in our study. These samples came from one female
and three male Caucasians. Hence, we had four right and four left hands four our disposal. The
mean age was 61.5 years (range: 52-73 years). There were no signs of any pathology in our areas
of interest.

After removal of all the soft tissues over the DIOM, the specimens were examined for the
presence of a distinct DOB. Based on other studies, we described structures as DOBs only when
their thickness was 0.5 mm or greater [4,6,12]. Measurements were taken with analog vernier
calipers (KS Tools Pocket Vernier Calipers 0-150 mm 300.0510) with an accuracy of 0.05 mm.

If a DOB was present (Figure ), we also measured its width and length and analyzed its points
of insertion to the ulna and radius. Specifically, width was measured at the structure’s midpoint
with the vernier calipers. The length was measured from the middle of the bundle’s attachment
to the ulna to the middle of the bundle’s attachment to the radius. The distance from the middle
of the bundle’s insertion to the ulna to the tip of the styloid process of the ulna as well as the
distance from the middle of its insertion to the radius to the tip of the radiuses’ styloid process
were calculated.
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FIGURE 1: DOB (black arrow) is the thickest part of the DIOM.
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It originates from the distal one-sixth of the ulnar shaft and
inserts the distal radius after an oblique course

U: ulna, R: radius, DOB: distal oblique bundle, DIOM: distal interosseous membrane

Results

In our study of eight freshly frozen forearms, we found three DOBs, and, the prevalence was
37.5%. Two were found on men’s right hands and one on a female’s left hand (Figure 2).
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FIGURE 2: Distal oblique bundle (black arrow) of a freshly
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frozen female specimen

U: ulna; R: radius

The mean thickness was 0.83 mm (range: 0.6 to 1.0 mm). The mean width was 4.2 mm (range:
2.2 to 6.2 mm) and mean length 25.4 mm (range: 23.2 to 27.5 mm). Proximally, the mean
distance from the middle of the bundle’s ulnar insertion to the tip of the styloid process of the
ulna was 50.3 mm (range: 45.5 to 53.4 mm). Distally, the mean distance from the middle of the
bundle’s insertion to the radius to the tip of the styloid process of the radius was 34.0 mm
(range: 31.3 to 37.7 mm). Table / summarizes all these measurements.

DOBs found 1 (right-male) 2 (right-male) 3 (left-female)
Thickness 0.9 1.0 0.6

Width 43 6.2 2.2

Length 25.6 27.5 23.2

Ulnar insertion* 53.4 51.9 45.5

Radial insertion™* 37.7 318 33.1

TABLE 1: Summary of our measurements (mm)

*: Distance from the tip of the ulnar styloid process, **: Distance from the tip of the radial styloid process

Discussion

In our study, we have dissected eight freshly frozen forearms in order to make measurements
around the distal oblique bundle. We have compared these findings to the rest of the literature
on the topic.

First, there seems to be some dispute around the prevalence of the DOB in the forearm. We
report 37.5%, but our study sample is very small. In our opinion, Hohenberger et al.’s work on
185 forearms [4] is most relevant in this regard. They reported a prevalence of 29 % (53
specimens out of the 185 had a DOB), while smaller samples of about 10 to 30

forearms reported a prevalence of 40% [1-2,12]. Dy et al. reported a prevalence of 50% [13]. Of
course, we should mention that Hohenberger et al. used cadaveric and not freshly frozen hands.
This could play a role in the measurement of the thickness due to the probable loss of volume
during the process of embalming. To our knowledge, only one study has reported prevalence
results similar to those reported by Hohenberger et al. Kim et al. used MRI measurements in 80
specimens and calculated prevalence of 32.5% [14]. In their paper, however, structures are
named DOBs if they have a thickness over 1.0 mm and not 0.5 mm. This means that if they had
used 0.5 mm as their reference point, their prevalence results would probably be much higher.

In our study, the mean thickness of the bundle was 0.83 mm (range: 0.6 to 1.0 mm). This is
comparable to the measurements of Hohenberger et al. [4], who report 0.9 mm (range: 0.5 to 1.8
mm) and Dy et al. [13], who report 0.85 mm * 0.28 mm (range: 0.64 to 1.33 mm). Other authors
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reported thicker DOBs. Okada et al., in his ultrasound research of 14 forearms [15], estimated
the mean thickness of the bundle to be 1.09 mm. Moritomo and Kitamura et al., respectively,
reported 1.2 mm (range: 1.0-1.3 mm) [6,12]. The largest measurements were made by Noda et
al. [1]. They reported 1.5 mm * 0.5 mm (range: 0.5 to 2.6 mm). Kim et al., who used 1.0 mm as
the reference, found the mean thickness to be 1.4 mm (range: 1.1 to 1.7 mm) in the DOB group
and 0.6 mm (range: 0.2 to 0.9 mm) in the non-DOB group [14].

Kitamura et al. stated that the bundle may have some variations in its morphology [12]. They
described some of those variations. In our sample, all DOBs were linear and thick structures
that extended between the ulna and the radius at the course described by Noda et al. [1]. Hence,
our width measurements were easy to perform in the middle of the structure. We reported

a mean width of 4.2 mm (range: 2.2 to 6.2 mm). In these measurements, we have noticed a high
range between the widths of our specimens. The same observation was made by Hohenberger et
al. [4], who reported a mean width of 9 mm (range: 4 to 19 mm) and also by Noda et al., who
reported 4.4 mm * 1.1 mm (range: 2 to 6 mm) [1].

As far as length is concerned, there seems to be an agreement between the authors (~24 to 26
mm). We reported a mean length of 25.4 mm (range: 23.2 to 27.5 mm). Moritomo et al. reported
a mean length of 26 mm # 3.4 mm [2], Omori et al. 25.7 mm [16], and Hohenberger et al. 24 mm
(range: 19 to 30 mm) [4].

There also seems to be a consensus between the authors about the points of insertion of the
bundle in the ulna and the radius. We found that the mean distance from the middle of the
bundle’s ulna insertion to the tip of the styloid process of the ulna was 50.3 mm (range: 45.5 to
53.4 mm). This is comparable to Kitamura et al.’s calculation of the distance of the proximal
border of the DOB to the ulna from the head of the ulna, that is, 54 mm (range: 50 to 57 mm)
[12]. We also agree with Hohenberger et al.’s mean distance of the proximal border of the DOB’s
attachment to the ulna from the styloid process of the ulna, which is to be 48 mm (range: 34 to
65 mm) [4]. Noda et al. reported this distance to reflect on the 15% * 2% (range: 13% to 21%) of
the ulna’s length [1].

In our study, the mean distance from the middle of the bundle’s insertion to the radius to the tip
of the styloid process of the radius was 34.0 mm (range: 31.3 to 37.7 mm). This agrees with
Kitamura et al. who reported a mean distance of 35 mm between the proximal border of the
DOB’s insertion to the radius and the styloid process of the radius [12]. Hohenberger et al. also
reported 35 mm (range: 24-53 mm) [4], and Noda et al. found this distance to reflect on the 9.9
% * 0.8 % (range: 8.3% to 11%) of the radius length [1].

All these measurements are important and seem to have a huge impact on surgical
reconstruction procedures that have timidly appeared in international literature [17-20]. These
procedures seem to be a less invasive promising alternative for the stabilization of the DRUJ.

Our study has some limitations. The major one is that our sample is very small and so may not
have much impact on the literature. On the other hand, comparing our results to other
authors has helped us draw useful conclusions.

Conclusions

There seems to be a consensus between authors on the matters of the measurements of the
bundle's length and points of insertion in the ulna and radius. On the other hand, there seems
to be a difference between the prevalence and thickness of the structure. In our opinion, all
these measurements are important and need to be performed on a larger scale and in a more
categorized manner for more objective results and conclusions. After only 10 years of research,
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reports of simple reconstructions of the distal oblique bundle seem to be a very promising
alternative for the stabilization of the DRU]J. Knowing now that the DOB acts as an isometric
stabilizer of the DRUJ makes us support its full investigation.

Additional Information
Disclosures

Human subjects: Consent was obtained by all participants in this study. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was
received from any organization for the submitted work. Financial relationships: All authors
have declared that they have no financial relationships at present or within the previous three
years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that
could appear to have influenced the submitted work.

References

1. NodaK, Goto A, Murase T, Sugamoto K, Yoshikawa H, Moritomo H: Interosseous membrane
of the forearm: an anatomical study of ligament attachment locations. ] Hand Surg Am. 2009,
34:415-22. 10.1016/j.jhsa.2008.10.025

2. Moritomo H, Noda K, Goto A, Murase T, Yoshikawa H, Sugamoto K: Interosseous membrane
of the forearm: length change of ligaments during forearm rotation. ] Hand Surg Am. 2009,
34:685-91. 10.1016/j.jhsa.2009.01.015

3.  Moritomo H, Omori S: Influence of ulnar translation of the radial shaft in distal radius
fracture on distal radioulnar joint instability. ] Wrist Surg. 2014, 3:18-21. 10.1055/s-0033-
1364093

4. Hohenberger GM, Schwarz AM, Weiglein AH, Krassnig R, Kuchling S, Plecko M: Prevalence of
the distal oblique bundle of the interosseous membrane of the forearm: an anatomical study. |
Hand Surg Eur Vol. 2018, 43:426-430. 10.1177/1753193417727138

5.  Gabl M, Zimmermann R, Angermann P, et al.: The interosseous membrane and its influence
on the distal radioulnar joint. An anatomical investigation of the distal tract. ] Hand Surg Br.
1998, 23:179-82. 10.1016/50266-7681(98)80170-8

6. Moritomo H: The distal interosseous membrane: current concepts in wrist anatomy and
biomechanics. ] Hand Surg Am. 2012, 37:1501-7. 10.1016/j.jhsa.2012.04.037

7. Moritomo H: The function of the distal interosseous membrane and its relevance to the
stability of the distal radioulnar joint: an anatomical and biomechanical review. Hand chir
Mikrochir Plast Chir. 2015, 47:277-80. 10.1055/s-0035-1545348

8. Schneiderman G, Meldrum RD, Bloebaum RD, Tarr R, Sarmiento A: The interosseous
membrane of the forearm: structure and its role in Galeazzi fractures. ] Trauma. 1993, 35:879-
85.10.1097/00005373-199312000-00014

9. Kapandji IA: Funktionelle Anatomie der Gelenke, Obere Extremitat. Ferdinand Enke (ed):
Verlag, Stuttgart (Germany); 1984. 1 (Part 40):105-124.

10. Kusswetter W, Schmid K: Membrana interossea antebrachii--a common ligament of the
radius-ulna joint. IT: Submacroscopic and microscopic structure. Z Orthop Ihre Grenzgeb.
1979, 117:776-783.

11. Lanzvon T, Wachsmuth W: Praktische Anatomie. Julius Springer (ed): Verlag, Berlin; 1935. 1
(Part 3):155-158.

12. Kitamura T, Moritomo H, Arimitsu S, et al.: The biomechanical effect of the distal
interosseous membrane on distal radioulnar joint stability: a preliminary anatomic study. J
Hand Surg Am. 2011, 36:1626-30. 10.1016/j.jhsa.2011.07.016

13. Dy (], Jang E, Taylor SA, Meyers KN, Wolfe SW: The impact of coronal alignment on distal
radioulnar joint stability following distal radius fracture. ] Hand Surg Am. 2014, 39:1264-72.
10.1016/j.jhsa.2014.03.041

14. Kim YH, Gong HS, Yang HK, Kim K, Baek GH: Magnetic resonance imaging evaluation of the

2019 Angelis et al. Cureus 11(1): €3964. DOI 10.7759/cureus.3964 80of9


https://dx.doi.org/10.1016/j.jhsa.2008.10.025
https://dx.doi.org/10.1016/j.jhsa.2008.10.025
https://dx.doi.org/10.1016/j.jhsa.2009.01.015
https://dx.doi.org/10.1016/j.jhsa.2009.01.015
https://dx.doi.org/10.1055/s-0033-1364093
https://dx.doi.org/10.1055/s-0033-1364093
https://dx.doi.org/10.1177/1753193417727138
https://dx.doi.org/10.1177/1753193417727138
https://dx.doi.org/10.1016/S0266-7681(98)80170-8
https://dx.doi.org/10.1016/S0266-7681(98)80170-8
https://dx.doi.org/10.1016/j.jhsa.2012.04.037
https://dx.doi.org/10.1016/j.jhsa.2012.04.037
https://dx.doi.org/10.1055/s-0035-1545348
https://dx.doi.org/10.1055/s-0035-1545348
https://dx.doi.org/10.1097/00005373-199312000-00014
https://dx.doi.org/10.1097/00005373-199312000-00014
https://scholar.google.com/scholar?q=intitle:Funktionelle Anatomie der Gelenke, Obere Extremitat
https://www.researchgate.net/publication/22593624_Membrana_interossea_antebrachii--a_common_ligament_of_the_radius-ulna_joint_II_Submacroscopic_and_microscopic_structure
https://scholar.google.com/scholar?q=intitle:Praktische Anatomie
https://dx.doi.org/10.1016/j.jhsa.2011.07.016
https://dx.doi.org/10.1016/j.jhsa.2011.07.016
https://dx.doi.org/10.1016/j.jhsa.2014.03.041
https://dx.doi.org/10.1016/j.jhsa.2014.03.041
https://dx.doi.org/10.1186/s12891-017-1419-2

Cureus

distal oblique bundle in the distal interosseous membrane of the forearm. BMC Musculoskelet
Disord. 2017, 18:47. 10.1186/512891-017-1419-2

15. Okada K, Moritomo H, Miyake ], et al.: Morphological evaluation of the distal interosseous
membrane using ultrasound. Eur ] Orthop Surg Traumatol . 2014, 24:1095-100.
10.1007/s00590-013-1388-6

16.  Omori S, Moritomo H, Murase T, et al.: Changes in length of the radioulnar ligament and
distal oblique bundle after Colles' fracture. ] Plast Surg Hand Surg. 2013, 47:409-14.
10.3109/2000656X.2013.775139

17. Riggenbach MD, Conrad BP, Wright TW, Dell PC: Distal oblique bundle reconstruction and
distal radioulnar joint instability. ] Wrist Surg. 2013, 2:330-6. 10.1055/5-0033-1358546

18. Riggenbach MD, Wright TW, Dell PC: Reconstruction of the distal oblique bundle of the
interosseous membrane: a technique to restore distal radioulnar joint stability. ] Hand Surg
Am. 2015, 40:2279-82. 10.1016/j.jhsa.2015.08.019

19. Brink PR, Hannemann PF: Distal oblique bundle reinforcement for treatment of DRUJ
instability. ] Wrist Surg. 2015, 4:221-8. 10.1055/s-0035-1556856

20. de Vries EN, Walenkamp MM, Mulders MA, Dijkman CD, Strackee SD, Schep NW: Minimally
invasive stabilization of the distal radioulnar joint: a cadaveric study. ] Hand Surg Eur Vol.
2017, 42:363-369. 10.1177/1753193416656773

2019 Angelis et al. Cureus 11(1): €3964. DOI 10.7759/cureus.3964 90of9


https://dx.doi.org/10.1186/s12891-017-1419-2
https://dx.doi.org/10.1007/s00590-013-1388-6
https://dx.doi.org/10.1007/s00590-013-1388-6
https://dx.doi.org/10.3109/2000656X.2013.775139
https://dx.doi.org/10.3109/2000656X.2013.775139
https://dx.doi.org/10.1055/s-0033-1358546
https://dx.doi.org/10.1055/s-0033-1358546
https://dx.doi.org/10.1016/j.jhsa.2015.08.019
https://dx.doi.org/10.1016/j.jhsa.2015.08.019
https://dx.doi.org/10.1055/s-0035-1556856
https://dx.doi.org/10.1055/s-0035-1556856
https://dx.doi.org/10.1177/1753193416656773
https://dx.doi.org/10.1177/1753193416656773

	Anatomic Characteristics of the Distal Oblique Bundle of the Interosseous Membrane of the Forearm
	Abstract
	Introduction
	Materials And Methods
	FIGURE 1: DOB (black arrow) is the thickest part of the DIOM. It originates from the distal one-sixth of the ulnar shaft and inserts the distal radius after an oblique course

	Results
	FIGURE 2: Distal oblique bundle (black arrow) of a freshly frozen female specimen
	TABLE 1: Summary of our measurements (mm)

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


