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Abstract

Background: Distal ulna fracture fixation plates commonly cause irritation, necessitating removal, due to the narrow area
between the ulna articular cartilage and the extensor carpi ulnaris. This study defines the safe zone for plate application
and determines whether wrist position affects risk of impingement. Methods: Four different distal ulna anatomic plates
(Acumed, Medartis, Skeletal Dynamics, and Synthes) were applied to |2 cadaveric specimens. Safe zone size was measured
in circumferential distance and angular arc. Impingement was examined in flexion and extension in neutral, pronation,
and supination. Results: The distal ulna safe zone has dimensions of a 92° arc and perimeter circumference of |5 mm.
Cumulative extensor carpi ulnaris (ECU) impingement occurred in 0% of the 6 simulated wrist/forearm positions for the
Acumed plate, 22% for the Synthes plate, 31% for the Skeletal Dynamics plate, and 68% for the Medartis plate. Impingement
was most common in supination. Likelihood of ECU impingement significantly decreased in the following order; Medartis
> Skeletal Dynamics > Synthes > Acumed. Conclusion: The ECU tendon’s mobility can cause impingement on ulnarly
placed distal ulna plates. Intra-operative testing should be performed in supination. Take home points regarding each plate
from the 4 different manufacturers: contouring of Medartis plates, when placed ulnarly, is mandatory. The Acumed plate
impinged the least but is not designed for far-distal fractures. The Synthes plate is least bulky but not suitable for proximal
fractures. The Skeletal Dynamics plate appeared the most versatile with a reduced incidence of impingement compared to
other ulnarly based plates.

Keywords: safe zone, biomechanics, basic science, wrist, fracture/dislocation, diagnosis, surgery, specialty, tendon, basic
science, wrist, anatomy, plate, ulna, extensor carpi ulnaris

Introduction the flexor carpi ulnaris (FCU), and ulnarly the dorsal branch
of the ulnar nerve (DBUN).? A narrow safe zone with an arc
of 2 hours on the clockface has been defined to avoid irrita-
tion of the ECU and articular impingement;* however, no
wrist position was specified.

Many manufacturers have designed anatomic plates spe-
cifically for fractures of the distal ulna. Only 2 of these plat-
ing systems have been assessed previously for fit within the

The distal ulna is commonly fractured alone or in combina-
tion with the distal radius. The majority of injuries to the
distal ulna can be managed without surgical intervention.
Fractures at or proximal to the base of the ulna styloid
including the ulna neck, particularly when displaced, can
result in a loss of the fixed point of rotation, leading to
instability of the distal radioulnar joint (DRUJ).! This insta-
bility is notoriously difficult to control with nonoperative
methods and mini-fragment plates are commonly indicated
for these fractures.? Fixation of fractures in this region is
further complicated by the surrounding soft tissue struc-
mres and the large artlculz,lr Sl,lrface of the ina head le,av,mg Daniel A. Shaerf, Department of Trauma and Orthopaedics, London
little space for plate application. Structures prone to irrita- North West University Healthcare NHS Trust, Uxbridge Road,
tion that need to be avoided include dorsally the extensor Middlesex UBI 3HW, UK.
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safe zone.* No study has looked at the relative fit, contour-
ing and thickness of these anatomic plates. Furthermore, it
has not been determined whether the safe zone changes in
dimensions with movement of the wrist, or how the rela-
tionship between the DBUN and the aforementioned safe
zone is defined.

This cadaveric study aimed to confirm and compare the
size and region of the safe zone for plate placement, docu-
ment the position of the DBUN, review the plate profile
prominence, and describe the likelihood of ECU/DBUN
impingement of 4 commonly used anatomic distal ulna
plates.

Materials and methods

After obtaining ethical approval, 12 cadaveric mid-humeral
specimens were dissected using a standard ulnar approach
using the intertendinous plane between the FCU and ECU
by a fellowship trained wrist surgeon to expose the distal
ulna while protecting and identifying the DBUN. The posi-
tion of the nerve was documented with respect to the tip of
the ulna styloid.

The tendon of ECU dorsally and the articular cartilage
margin volarly were identified and marked with perpendic-
ular Kirschner wires (K-wires) at the level of the proximal
aspect of the ulna head articular cartilage. The circumferen-
tial distance on the surface of the ulna between these 2
K-wires was measured with a steel wire. The arc between
the K-wires was calculated using calibrated analytic soft-
ware (Figure 1) (ImagelJ 1.52; National Institutes of Health,
Bethesda, MD). The musculotendinous junctions of FCU,
flexor carpi radialis (FCR), ECU and extensor carpi radialis
longus/brevis (ECRL/B) were dissected and identified.

Four distal ulnar plates were tested: the Acu-Loc® volar
distal ulna plate (Acumed, Hampshire, UK), the 2.5 mm
APTUS® Tri-Lock distal ulna plate (Medartis, Derby, UK),
the PROTEAN® distal ulna plate (Skeletal Dynamics,
Miami, FL) and the 2 mm LCP® distal ulna plate (Synthes,
West Chester, PA) (Figure 2). Each plate was applied to
each specimen, in a random sequence, as per manufactur-
ers’ guidance in the position of best fit (Acumed plates were
placed volarly, all other plates were placed ulnarly, Medar-
tis plates were placed ulnarly, although they can be placed
both ulnarly and volarly). Gentle compression was applied
to the shaft of the plate with a single screw with no formal
bending or excessive tightening to cause plate deformation.
Plate prominence, defined as the distance between the bone
and the superficial surface of the implant, was then mea-
sured in 3 zones on each plate (proximal, midpoint, and dis-
tal) using a digital Vernier caliper through unused screw
holes to the most prominent part of the plate-screw con-
struct. The plates were then securely fixed to the ulna with
both proximal shaft and distal head locking screws after

Figure |. Diagrammatic representation of safe zone
measurement; indicating the arc and perimeter measurements
with respect to the ECU tendon and distal ulna articular surface.
Note. ECU = extensor carpi ulnaris; K-wire = kirschner wires.

plate contouring, if necessary. Plate prominence measure-
ments were then repeated.

A custom loading rig was used to recreate static postures.
Rotation was secured with a proximally placed K-wire
transfixing the radius and ulna in neutral, full passive pro-
nation and full passive supination. Flexion and extension
were simulated by applying a physiological axial load with
masses® attached using clamps sequentially to the FCR and
FCU then ECRL/B and ECU musculotendinous junctions.
Six static positions were recreated for each specimen com-
bining flexion and extension in either neutral, pronation, or
supination. Impingement was defined using a categorical
scale to denote abutment (+), overlap (++), or no contact
(-) with the DBUN (for ulnarly based subcutaneous plates)
and the ECU tendon. All measurements and observations
were independent, repeated, and undertaken by 2 indepen-
dent observers. The results were analyzed using a 4-way
log-linear analysis.

Results

The DBUN passed at or distal to the ulna styloid tip in all
but 1 specimen at an average 5.4 mm (range: -5.0-24.0 mm;
SD: 7.4 mm). The point at which the DBUN crossed the
vertical axis in relation to the ulnar styloid was 1 (8%) Type
1 (proximal) nerve, 8 (67%) Type 2 (distal) nerves, and 3
(25%) Type 3 (at the styloid) nerves. The safe zone (between
the ulna head articular cartilage volarly and the ECU dor-
sally) described an arc of 92° (range: 60°-123°, SD: 17°)
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Figure 2. Commercially available volar locking plates used

in this study. (a) Acu-Loc® volar distal ulna plate (Acumed,
Hampshire, UK), (b) 2.5 mm APTUS® Tri-Lock distal ulna
plate (Medartis, Derby, UK), (c) PROTEAN® distal ulna plate
(Skeletal Dynamics, Miami, FL), and (d) 2 mm LCP® distal ulna
plate (Synthes, West Chester, PA) (to scale).

and a perimeter circumference of 15 mm (range: 11-20 mm,
SD: 2.6 mm).

Cumulative ECU impingement (defined as either abut-
ment or tendon-plate overlap) occurred in 0% of the 6 simu-
lated wrist/forearm positions for the Acumed plate, 22% for
the Synthes plate, 31% for the Skeletal Dynamics plate, and
68% for the Medartis plate (Figure 3).

Cumulative DBUN impingement (either abutment or
overlap) occurred in 2%, 35%, 24%, and 42% of the 6 sim-
ulated wrist/forearm positions for Acumed, Synthes, Skel-
etal Dynamics, and Medartis plates, respectively (Figure 4).
Impingement occurred most commonly when the forearm
was in supination (Figure 5). There was no tendency for
increased or decreased impingement with wrist flexion or
extension.

Baseline plate dimensions are shown in Table 1. No con-
touring was needed for Synthes, and Skeletal Dynamics
plates. Infrequent and minimal contouring was required
for Acumed plates in 2 specimens improving bone to plate
surface depth by 5%. Medartis plates needed contouring in
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Figure 3. Incidence of tendon impingement, both major
(overlapping plate) and minor (abutting plate), as a percentage of
all trials (6 trials each of 12 specimens).
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Figure 4. Incidence of nerve impingement, both major
(overlapping plate) and minor (abutting plate), as a percentage of
all trials (6 trials each of 12 specimens).

all specimens; after contouring, bone to plate surface depth
decreased 37%, to a level similar to that which was present
for the other plates. The Synthes plate was the thinnest and
had the smallest profile (Figure 6).

Four-way log-linear analysis between all the measured
variables showed that there were 2 significant second-
order interactions. These occurred between plate type and
tendon impingement, with y%(1) = 49.16, P = .035, and
between plate type and nerve impingement, with (1) =
55.38, P = .009. A follow-up chi-squared test of associa-
tion analysis (cross-tabulation) showed that there was a
significant association between the type of plate and the
likelihood of tendon impingement, linear likelihood chi-
square, x%(1) = 73.1, P < .0001, indicating that there is a
linear decrease in the likelihood of tendon impingement in
the following order: Medartis > Skeletal Dynamics >
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Figure 5. Incidence of tendon impingement categorized by wrist pronosupination position, as a percentage of all trials (6 trials each

of 12 specimens).

Table I. Distal Ulna Plate Dimensions.

Width (mm)  Length (mm)  Thickness (mm)
Acumed 14 45-66° 2
Medartis 16 46-67* 1.6
Skeletal 7.6 97.3 2
Dynamics
Synthes 5 46 1.3

*Two different plate lengths available.
®Plate can be trimmed to size.

Synthes > Acumed. There was also a significant associa-
tion between the type of plate and the likelihood of nerve
impingement, y*(1) = 29.77, P < .0001, indicating that
there is a linear decrease in the likelihood of nerve impinge-
ment in the following order: Medartis > Synthes > Skel-
etal Dynamics > Acumed.

No other parameter interaction had a significant effect
across the variables investigated. Using a fixed effect lin-
ear model, the occurrence of tendon impingement was
dependent only on the plate type (P < .001); there was,
however, a trend toward a difference with position of the
forearm (P = .07).

Discussion

Fixation of distal ulna fractures is often performed follow-
ing an assessment of stability of the DRUJ after fixation of

Medartis =
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Depth (mm)
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Figure 6. Bone to plate surface depth (distal) pre- and
postcontouring means and standard deviations.

a concomitant distal radius fracture or after an isolated
unstable solitary distal ulna fracture. Stability is most likely
to be affected if the fracture lies proximal to the base of the
ulna styloid and the deep attachment of the triangular fibro-
cartilage complex. The ulna is usually approached via the
intertendinous plane between FCU and ECU, allowing
extensile exposure of the distal ulna. The surrounding ten-
dons, cutaneous nerves, and articular surface are in close
proximity to where plates are applied. Being a subcutane-
ous bone, plates on the distal ulna are prone to prominence
and irritation of the surrounding structures, necessitating
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plate removal. Hazel et al. have previously defined, using 6
specimens, a cartilage free zone in the distal ulna, approxi-
mating 116° (SD: 6.8°) with a perimeter of 21.5 mm (SD:
3.3 mm). They also described the position of the ECU ten-
don as usually in the ‘1 o’clock’ position on the right fore-
arm (where 12 o’clock represents the ulna styloid). They
concluded that a safe zone lay between 10 and 12 o’clock
on the right and between 12 and 2 o’clock on the left. They
further recommend that plate placement should be immedi-
ately volar to the ECU tendon; however, they make no com-
ment on wrist position with relation to their safe zone.*

This study measured the safe zone, in 12 specimens,
from the ECU dorsally to the articular cartilage volarly to
represent a more accurate arc and perimeter. Furthermore,
the wrist was mobilized, which demonstrated that the ECU
tendon is a mobile structure even within its subsheath and
has a tendency to change position with pronosupination.

The position of the DBUN has recently been examined
by Uerpairojkit et al., who described the position of the
DBUN in 44 specimens. They found the DBUN crossed the
vertical axis (a line passing from the ulnar border of the
hand through the tip of the ulnar styloid and ulnar crest) at
a mean of 10 mm distal to the ulna styloid tip. The most
common path for the DBUN was volar to the vertical axis,
swinging dorsally distal to the tip of the styloid in 77% of
cases; they described this as a Type 2 nerve. Type 1 (9%)
crossed the vertical axis proximal and Type 3 (14%) crossed
at the styloid.® These findings are similar to others who
have examined the DBUN.”® Our study found similar tra-
jectories of the DBUN with only 1 (8%) Type 1 nerve, 8
(67%) Type 2 nerves, and 3 (25%) Type 3 nerves.

No studies have previously looked at potential soft tissue
complications around distal ulna plates. Das De et al. exam-
ined the soft tissue complications of ulna shortening oste-
otomy plates, which are placed more proximally, and found
the need for plate removal more common in the volar group
(33%) compared to the dorsal group (6%). However, the
plates used volarly were thicker and longer compared to the
dorsal plates.” The plates used in the present study were
ulnarly based plates, except for the Acumed plate, which
was placed volarly.

Plate removal after ulna plating for trauma has not been
studied; however, incidence of plate removal after ulnar
shortening osteotomy varies between studies and plate
location with volar plate placement—13%,'® 35%,!! and
44%!"2; dorsal plate placement—29%"%; and ulnar plate
placement—32%.'* More recently, Elgammal and Rozee
described a removal rate of only 11%."> The thickness of
ulna shortening plates are universally larger than anatomic
plates specifically designed for distal ulna fractures.

There are some limitations to this study. We were only
able to study plates from four manufacturers, although
these are some of the most commonly used plates in the
United Kingdom. It was not possible to truly standardize

the positioning of the different plate types as they are each
designed to be placed in a slightly different anatomical posi-
tion, each plate was placed as per the manufacturers’ descrip-
tion in a position of best fit. During dissection, displacement
of the DBUN and/or release of part of the ECU subsheath
was possible; however, this was kept to a minimum using
meticulous surgical technique. Placement of marking wires
and measures of depth were performed perpendicular to the
bony surface. We minimized angulation errors using multi-
ple independent observers and a repeated-measures model.
The study may have been underpowered to detect a true
effect of wrist position on tendon and nerve impingement.

Conclusion

Take home points regarding each plate from 4 different
manufacturers are as follows:

e [fplacing the Medartis plate ulnarly, then contouring
is mandatory.

e The Acumed plate impinged the least but is not
designed for far-distal fractures.

e The Synthes plate is least bulky but not suitable for
more proximal fractures.

e The Skeletal Dynamics plate appeared the most ver-
satile with a reduced incidence of impingement com-
pared to other ulnarly based plates.

In conclusion, the area for plate placement around the distal
ulna is narrow. The ECU tendon is a mobile structure and
can cause impingement, thus intra-operative testing for
impingement should be performed in supination.
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