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Abstract Background Placement of volar plates remains a challenge as the watershed line may
not be an easy-identifiable distinct line intraoperatively.
Objectives The main objective of this article is to define how anatomical landmarks
identifiable upon the volar surgical approach to the distal radius relate to the watershed
line.
Methods We identified anatomical landmarks macroscopically upon standard volar
approach to the distal radius in 10 cadaveric forearms and marked these with
radiostereometric analysis (RSA) beads in cadaveric wrists. The RSA beads were then
referenced against the volar osseous structures using quantification of three-dimen-
sional computed tomography and advanced imaging software.
Results The mean measurements were the radial and ulnar prominences 11.1mm
and 2.1mm proximal to the joint line of the distal radius, respectively. The interfossa
sulcus was 0.3mm proximal and 3mm dorsal to the ulnar prominence. The watershed
line was between 3.5 (minimal) and 7.6 (maximal) mm distal to the distal line of
insertion of the pronator quadratus.
Conclusion The watershed line is situated distal to the pronator quadratus, but with a
wide variability making it an impractical landmark for plate position. The osseous ulnar
prominence is a good anatomical reference for safe plate positioning, as it is located on
the watershed line and easily palpated at surgery. One should keep in mind the sulcus—
the point on the watershed line where the flexor pollicis longus runs—can be situated
just proximal to the ulnar prominence.
Clinical Relevance To provide anatomical landmarks that are easy to identify upon
surgical approach without the direct need for intraoperative imaging.
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The watershed line should serve as the distal margin for the
placement of a volar plate tominimizeflexor tendon injuries.
Orbay defined the watershed line as “a theoretical line
marking the most volar aspect of the volar margin of the
radius” (►Fig. 1).1–3 Flexor and extensor tendon irritation
have been identified as the most frequent complication of
internal fixation of unstable distal radius fracture with a
volar locking-plate.4 The majority of iatrogenic tendon com-
plications include flexor tendons: ruptures of the flexor
pollicis longus (FPL) tendon and flexor tendon tenosynovi-
tis.4 The clinical importance of the watershed line has been

described by Soong et al: plates prominent at the watershed
line increase the risk of flexor tendon injury.5 The authors
advised surgeons to avoid implant prominence at the water-
shed line.5

The latter remains a challenge as cadaveric studies show
that the watershed line may not be easy-identifiable intra-
operatively.6,7As Imatanietal refer to theiranatomical study, it
may correspond to the distal margin of the pronator fossa in
the radial half of the volar radius, and to a hypothetical line
between the line that corresponds to the distal edge of the
pronator fossa and a more prominent distal line in the ulnar
half.6 The ulnar prominence (or medial prominence as de-
scribed by Imatani et al) on the volar radius is a recommended
key structures for accurate plate placement to avoid flexor
tendon injury.6,8 However, many subsequent definitions have
been published (see review Interpretations of the term ‘Wa-
tershed Line’ used as reference for volar plating in this edition
of Journal of Wrist Surgery). This review is now titled Inter-
pretations of the term ‘Watershed Line’ used as reference for
volar plating. Moreover, macroscopically upon surgical ap-
proach, the appearance and identification of these advised
osseous landmarks, aswell as on fluoroscopy intraoperatively,
may not be as well-defined5 as suggested by cadaveric studies
using wide nonsurgical dissection on dried bones6,7

To the best of our knowledge, no cadaveric studies have
correlated the surgically identifiable key volar references to
the watershed line using advanced imaging techniques.

Therefore, the purpose of our study is to (1) identify these
defined anatomical landmarks macroscopically upon stan-
dard volar approach to the distal radius and mark these with
radiostereometric analysis (RSA) beads in cadaveric wrists,
and then (2) subsequently reference the RSA-marked ana-
tomical landmarks with key volar osseous references of the
watershed line as defined by the use of quantification of
three-dimensional computed tomography (Q3DCT) using
advanced imaging software9–11 (►Fig. 2B and C). The clinical
relevance is to provide surgeons with intraoperative macro-
scopic landmarks that assist in correct plate position.

Fig. 1 Nelson and Orbay coined the watershed line (WS) as “a
theoretical line marking the most volar aspect of the volar margin of
the radius,” to serve as the distal margin for volar plating to minimize
tendon injuries.1–3 PQ, pronator quadratus line, or PQ line; VR, volar
radial ridge; WS, watershed line; X, volar radial tuberosity; (with
permission from http://eradius.com/AnatomyOfDistalRadius.htm3).

Fig. 2 Anatomical landmarks of the volar cadaveric distal radius marked with radiostereometric analysis (RSA) beads (A). Cadaveric specimen
with subsequent RSA-marked anatomical landmarks (B) was referenced using advanced imaging software (C)9–11 with the volar osseous
references of the watershed line (small dots).
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Materials and Methods

Our local Human Research Ethics Committee approved this
study, in accordance with the Declaration of Helsinki, under
protocol number 224.17.

Cadaveric Specimens
This studywas conductedwith 10 left forearms including the
elbow joint from fresh-frozen cadavers. These forearmswere
from six males and four females: mean age 65 (range: 42–
90 years). None of the specimens had clinical or radiographic
signs of prior surgery or trauma to the wrist.

Soft Tissue Landmarks8,12–15: Soft Tissue Dissection
and RSA Marking (►Fig. 2)
The cadaveric wrist was positioned in supinated position to
simulate the wrist during surgery in clinical practice. The
forearm was secured on a wooden frame. The ulnar shaft,
radial shaft, second, and fifth metacarpals were fixedwith K-
wires to a wooden frame to minimize movement during
further study procedures. Onto a tripod, a camera was
mounted (Canon, Coolpix, A900), and photographs were
taken of the specimen throughout the study.

A volar flexor carpi radialis (FCR) approach16 to the distal
radius was performed, through the bed of the FCR sheath to
the pronator quadratus (PQ) and the volar wrist capsule by
the Orthopaedic Upper Limb and Trauma Fellow (JND). The
flexor tendons were retracted—but not resected as in previ-
ous cadaveric studies to further mimic the volar approach to
the radius in clinical practice.6 The PQ muscle and capsular
ligaments were not violated. Photographs of the specimens
were obtained at this point using the mounted camera.

Twenty-one-gauge needles were placed in the distal
radioulnar joint and in the radiocarpal joint. RSA marker
beads were placed on the distal border of the PQ (►Fig. 2A).
The radial and ulnar osseous prominences on the volar aspect
of the distal radius were palpated, and after consensus RSA

beads were secured on fibrous tissue overlying the maximal
prominences. Photographs were repeated.

No further procedure to the distal radius was performed,
and the PQ was not validated. The skin was sutured with
Nylon (Ethicon, Ethilon, monofilament 3–0).

All specimens stillfixed to thewooden frameunderwent a
CT scan using a GE Optima CT scanner (140 Kv, 200mA, slice
thickness 0.625mm, interval 0.3mm).

Osseous Landmarks1–7,17–27: Watershed Line as
Defined onThree-Dimensional Computed Tomography
(►Fig. 3)
The Digital Imaging and Communication in Medicine CT
scans were loaded in 3D slicer (3D Slicer, Boston, MA). In
3D Slicer, osseous structures, including the pronator fossa,
radial and ulnar osseous prominences defining the water-
shed line6 and the interfossa sulcus for the FPL tendon, were
segmented in axial, sagittal, and coronal planes. RSA beads
marking (1) the distal border of the PQ and (2) the palpated
radial and ulnar prominences were also segmented.

Thewatershed linewas defined and segmented as themost
volar aspects of the distal radius in each fifth sagittal image of
0.625mm3. Separate Surface Tessellation Language (STL) files
of thedistal radius, (2)RSAmarkers and(3) theWatershedLine
were created (►Fig. 3). The segmentations were exported as
3D polygon mesh reconstructions.

The 3D polygon mesh reconstructions were subsequently
imported into rhinoceros (McNeel, Seattle, WA) to quantify
(1) the most prominent line of points of the volar aspect of
the radius, (2) the radial and ulnar osseous prominences, and
(3) distances between RSA soft tissue landmarks8,12–15 and
Q3DCT-defined osseous landmarks1–7,17–27 (►Fig. 3A). A
coordinate system was created to standardize the axes and
quantification of CT imaging for all specimens. The x-axis
represented proximal to distal, the y-axis radioulnar, and the
z-axis dorsal-to-volar. The x-axis representing the longitudi-
nal axis of the radius was defined by the line through five

Fig. 3 Three-dimensional polygon mesh reconstructions of the radius. (A) The most volar aspect of the radius (small dots) and the radial and
ulnar osseous prominences (dark vague dots), and interfossa sulcus (light vague dot) are marked. In (B) the vertical line shows proximal–distal
measurements performed parallel to the x-axis.

Journal of Wrist Surgery Vol. 9 No. 1/2020

Anatomy of the Watershed Line Bergsma et al.46

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



points placed in the centroid of thefive circumferences along
the longitudinal axis of the radial shaft.28,29 The circum-
ferenceswere 0.5 cmproximal from each other, starting 3 cm
proximal from the articular surface (►Fig. 4A). The direction
of the y-axis was determined by a line through the distal tip
of the radial styloid and the most radial aspect of the ulnar
notch29,30 (►Fig. 4B). The z-axis resulted from these x- and y-
axes (►Fig. 4C).

Relation of RSA-Marked Soft Tissue Landmarks8,12–15

and Q3DCT-Defined Osseous Landmarks1–7,17–27

The following landmarks were quantified using Q3DCT tech-
niques.10,31 The ulnar and radial prominences were defined as
the two most prominent points determined by turning the
modal around its x-axis anddefining the twohighest points on
the z-axis (►Fig. 5A). The interfossa sulcus28 was defined as
the most dorsal point between the ulnar and radial promi-
nences (►Fig. 5B). A transverse line was drawn between the
radial and the ulna promience, and the point on thewatershed
linewith the greatest distance to the transverse line parallel to
the z-axis was determined. A transverse line was drawn
between the radial and the ulna prominence, and the point
on thewatershed line with greatest distance to the transverse
line parallel to the z-axis was determined. Two points on the
joint line directly distal to the respective radial and ulnar
prominences were also marked (►Fig. 5C). The most ulnar
point of the volar margin of the distal radius was also verified
(►Fig. 5D). Both the identification of all points for the axis-
system and all landmarks have been performed by two
observers in two specimens, and a 100% agreement on the
location for these points was reached.

All measurements were performed parallel to the respec-
tive axis using the analyze distance function in rhinoceros
and determining the intersection of the two respective lines
in a plane parallel to the respective axis (►Fig. 3B). We
measured in the proximal to distal direction; the maximum
andminimum distances between themarkedwatershed line
and the distal border of the PQ, the distance between bony
ulnar and radial prominences and the interfossa sulcus and
the PQ (►Fig. 6A) and the distance between the joint line and

the true ulnar and radial prominences and between the
radial and ulnar prominence and the interfossa sulcus them-
selves (►Fig. 6B). The most radial coordinate of the PQ was
used to determine the distance between the PQ and the
radial prominence. The joint line was defined as the knuckle
line of the distal volar radius using the “vertex” function in
“shaded” mode in a view perpendicular to the x-axis. We
measured in the ulnar to radial direction; the distance
between the ulnar prominence, interfossa sulcus, and the
ulnar border of the distal radius (►Fig. 6C). We measured in
anterior–posterior direction; the distance between the ulnar
prominence, radial prominence, and the interfossa sulcus
(►Fig. 6D).

Mapping of the Watershed Line and the Pronator
Quadratus
According to the mapping technique as described by Cole
et al32,33 and modified by our group,9,11 in this study the
distal border of the PQ rather than a fracture line distribu-
tion and location were determined using Q3DCT techniques.
Images of the 3D polygon mesh were obtained and
imported in Macromedia Fireworks MX (Macromedia Inc.,
San Francisco, CA) to create bitmap images. These bitmap
images were superimposed onto a distal radius template to
form a compilation of distribution of the watershed line and
the PQ. ►Figure 7 demonstrates the template of the radius,
and mapping of the watershed line and the PQ of all
specimens.

Statistical Analysis
Specimen characteristics were summarized with frequen-
cies and percentages for categorical variables andwith mean
and standard deviation for continuous variables.

Results

Watershed Line in Reference to Osseous
Anatomy1–7,17–27

In the proximal-to-distal direction, on the x-axis, the radial
prominence was situated proximal to the joint line of the

Fig. 4 Thex-axis representsproximal todistal, the y-axis radioulnar, and the z-axis dorsal-to-volar. The x-axis is alignedwith the longitudinal axis of the radius
as defined by the line through the centroid of the five circumferences along the longitudinal axis of the radial shaft28,29 (A). The y-axiswas from the tip of the
radial styloid (gray dot) and the most radial aspect of the ulnar notch (white dot)29,30 (B). The z-axis resulted from these x- and y-axes (C).
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scaphoid facet of the distal radius in eight specimens. In two
specimens, this measurement could not be performed as the
radial prominence was located more radial than the joint
line, but more radial. The mean distance between the ulnar
prominence and the joint line of the lunate facet was far less
than between the radial prominence and the proximal joint
line of the scaphoid facet (mean 2.1 vs. 11.1mm) ((►Table 1,
►Fig. 6B).

The radial prominence is located proximal compared to
the ulnar prominence. The interfossa sulcus was located
proximal to the ulnar prominence in six specimens. In the
other four specimens, the interfossa sulcus was situated
distal to the ulnar prominence. The radial prominence was
situated proximal to the interfossa sulcus (►Fig. 6B).

In the ulnar-to-radial direction, on the y-axis, the inter-
fossa sulcus was located between the ulnar and the radial
prominence, on average slightly more toward the ulnar
prominence. (►Table 2, ►Fig. 6C).

On average, in the volar-to-dorsal direction (z-axis), the
interfossa sulcuswas located between the ulnar and the radial
prominence. In all specimens, the interfossa sulcuswas dorsal
to the ulnar prominence. In eight specimens, the interfossa
sulcus was volar to the radial prominence. In two specimens,

the interfossa sulcus was dorsal to the radial prominence
(►Table 3, ►Fig. 6D).

Watershed Line Defined in Reference to Soft Tissue
Anatomy8,12–15

The distances between the distal border of the PQ and the
watershed line varied widely. In two specimens, the radial
prominence was situated, respectively, 1.3 and 0.2mm, more
proximal to the most radial point of the PQ; in all other
specimens, the entire PQ was situated well proximal to the
watershed line. The mean minimum distance in distal-to-
proximal direction between the watershed line and the PQ
was3.5mmand themeanmaximal distancewas7.6mm. In all
specimens, the distance between the PQ and the watershed
line was smaller on the radial side than on the ulnar side.

Reference Standard—Three-Dimensional Computed
Tomography and Mapping of Pronator Quadratus in
Relation to the Watershed line
The distribution and location of the PQ and thewatershed line
are represented in►Fig. 7 for all 10 specimens. In all cadaveric
specimens, the radial edge of the PQ was situated more ulnar
than the level of the radial prominence (►Table 1, ►Fig. 6A).

Fig. 5 Distal radius landmarks10,31: (A) The ulnar and radial prominences are the two most prominent volar points. (B) The bone of the
interfossa sulcus28 was defined by drawing a line between the ulnar and radial prominence and determining the point of the volar margin of the
distal radius that was furthest away from this line. (C) The point on the joint line directly distal to the radial prominence was defined using the
vertex and intersection functions. (D) In anteroposterior view, perpendicular to the x-axis, the most ulnar point of the volar margin of the distal
radius was marked.
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Discussion

The aim of this study was to identify available intra-
operative macroscopic anatomical landmarks that can be
utilized by orthopaedic surgeons during volar plating for
distal radius fractures and relate these to the osseous
watershed line using Q3DCT as a reference to optimize
volar plate application.

The results of this study should be interpreted in the light
of its strengths and weaknesses. A major strength of the
study is its newly designedmethod of identifying anatomical
landmarks that allow for relating these landmarks to the
osseous watershed line in intact cadaveric wrists following
the FCR approach using Q3DCT imaging techniques. A weak-

ness of this study is that it is performed on intact distal radii
without them being distorted by a fracture.

The results show that the watershed line, including the
volar radial and especially ulnar osseous prominences, is
situated well distal to the insertion of the PQ. Additionally,
the ranges of distances between the watershed line and soft
tissue anatomy (i.e., PQ) varied widely, indicating there is a
large variability between individuals. Additionally, the PQ is
oriented more ulnar than the watershed line, and using the
PQ as reference might result into ulnar placement of a volar
plate. In concordance to Orbay’s description of thewatershed
line,1 this line is situated between 10 and 15mmproximal to
the joint line on the radial side and 2mm proximal to the
joint line on the ulnar side. We found the radial prominence

Fig. 6 Proximal–distal distances soft tissue—osseous anatomy (A) and osseous anatomy (B). Ulnar–radial distances (C). Volar–dorsal distances (D).
1. Radial prominence—PQ 2. Min. Watershed—PQ 3. Interfossa sulcus—PQ 4. Ulnar prominence—PQ 5. Max. Watershed—PQ 6. Sulcus—radial
prominence 7. Ulnar prominence—sulcus 8. Ulnar notch—ulnar prominence 9. Joint line—radial prominence 10. Ulnar prominence—sulcus 11. Joint
line—Ulnar prominence 12. Ulnar prominence—Radial prominence 13. Ulnar prominence—Sulcus. 14. Sulcus—radial prominence.
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is indeed on average 11.1mm and the ulnar prominence on
average 2.1mm proximal to the joint line. As the ulnar
prominence is easy to identify by palpation with the overly-
ing fibrous transition zone, we would recommend this

osseous ulnar prominence as the most useful anatomical
reference in clinical practice for correct volar plate position-
ing. Fluoroscopic images could easily further aid to identifi-
cation of the ulnar prominence. Further research can be
conducted on the relation of different volar plates to the
watershed line and described anatomical landmarks.

The ulnar prominence, defined as “most volar extend on
the volar rim …of the distal radius,” has also been used as
reference point for safe plate positioning on radiological
imaging,5 as suggested in a previous anatomical study of
the volar surface of the distal radius.6 In this study, we have
described how this point is related to other anatomical
references involved in distal radius fracture surgery. The
ulnar prominence is on average located 7.2mm distal to
the distal border of the PQ and 8.3mm radial from the ulnar
notch. However, while placing the volar plate one should
keep in mind the radial prominence, another relevant point
situated on the watershed line is located on average 2.0mm
more proximal than the ulnar prominence.

Another important point on the watershed line is argu-
ably the interfossa sulcus, where the FPL may glide over a
plate and cause FPL rupture.28As the interfossa sulcuswas on
average situated only 0.3mmproximal from the ulnar prom-
inence, the ulnar prominence indeed seems to be a relevant
reference point for the watershed line. The interfossa sulcus
was located distal to the radial prominence in all cadaveric
specimens analyzed in this study, with a mean of 1.4mm. In
most specimens, the interfossa sulcus was located proximal
to the ulnar prominence.

Conclusion

For safe placement of the volar plate for distal radius frac-
tures, the surgeon needs easily identifiable landmarks. The
insertion of the PQ is situated well proximal from the
watershed line and orientated more ulnarly. The osseous
ulnar prominence is a good anatomical reference point for

Fig. 7 Distal radiuswithmappingof thewatershed line (light lines) and the
pronator quadratus (PQ) (dark lines) of all 10 specimens. Note the wide
range, which makes the PQ position an unreliable surgical reference.

Table 1 Distal-to-proximal distances (x-axis, ►Fig. 6B)

Distance between Mean
(mm)

Range
(mm)

Osseous anatomy

Joint line of scaphoid facet—radial
prominencea

11.1 6.6–13.5

Joint line of lunate face—ulnar
prominence

2.1 1.3–3.5

Ulnar prominence—radial prominence 2.0 0.5–4.7

Ulnar prominence—interfossa sulcus
(in 6 specimens)

1.2 –0.1–3.2

Interfossa sulcus—ulnar prominence
(in 4 specimens)

1.0 0.2–1.7

Interfossa sulcus—radial prominence 1.4 0.1–3.7

Soft tissue—osseous anatomy

Minimum distance watershed line—PQ 3.5 1.2–7.2

Maximum distance watershed line—PQ 7.6 3.6–10.6

Ulnar prominence—PQ 7.2 2.3–10.0

Radial prominence—PQ 2.8 –1.3–0.5b

Interfossa sulcus—PQ 4.8 1.7–7.4

Abbreviation: PQ, pronator quadratus.
aMeasurementperformed ineight specimens, as in twospecimens the radial
prominence was located more radially than the radial border of the joint
line.

bIncluding two specimens in which the radial prominence was situated
respectively 0.2 and 1.3mmmore proximal than the most radial point
of the PQ (expressed in a negative value).

Table 2 Ulnar-to-radial distances (y-axis, ►Fig. 6C)

Distance between Mean
(mm)

Range
(mm)

Ulnar notch—ulnar prominence 8.3 7.0–13.0

Ulnar prominence—interfossa
sulcus

9.7 5.0–13.7

Ulnar notch—interfossa sulcus 18.2 12.1–21.9

Table 3 Volar-to-dorsal distances (z-axis, ►Fig. 6D)

Distance between Mean
(mm)

Range
(mm)

Ulnar prominence—interfossa sulcus 3 1.8–5.6

Interfossa sulcus—radial prominence
(in 8 specimens)

1.2 0.3–2.1

Radial prominence—interfossa sulcus
(in 2 specimens)

0.8 0.4–1.2
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the watershed line, as it is located on the watershed line and
easily palpated upon surgery. We argue that the ulnar
prominence could be used as the “Watershed Point” to refer
to the watershed line in clinical practice, as it is easy
identifiable upon palpation. While using this anatomical
reference point, one should keep in mind the sulcus, which
is arguably the most important point on the watershed line,
can be situated just proximal from the ulnar prominence.
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