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Background: The radial head is anatomically complex, making fracture fixation challenging because of
the difficult visualization of the articular surface. As a result, screw penetration into the radiocapitellar
joint can often occur. To facilitate safe placement of screws tangential to the joint surface, we define an
approximate and reliable distance from the articular rim of the radial head that can minimize the risk of
articular breach.
Methods: A Kirschner wire for cannulated drilling was placed tangential to the articular surface in 15
cadaveric proximal radii. The distance from the wire to the articular rim was measured 3 times. After
insertion of a 3.5-mm compression screw, the radial head was divided in the coronal plane, bisecting the
screw track, to visualize the cross section of the screw's position. Headless compression screws of 3.5 mm
were placed the distance from the most proximal edge of the screw track to the radial head's articular
surface was measured 3 times.
Results: The average distance from the articular rim to the distal surface of the Kirschner wire was 5.1
mm. The average distance from the articular rim to the proximal edge of the cavity was 1.7 mm. The
screw placement was subchondral and extra-articular in all cases.
Conclusion: When fixing Mason type 2 articular radial head fractures with 3.5-mm headless
compression screws placed tangential to the articular surface, maintaining a screw entry point about 5
mm distal to the articular surface of the radial head will minimize the possibility of articular screw
breach. This position also places the screw into subchondral bone, providing the best bone quality for
mechanical support.

© 2022 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Fractures of the radial head are common injuries that comprise a
third of all elbow fractures.2 The mechanism of injury is often a fall
onto a pronated outstretched arm,16 and patients tend to be active
and aged between 20 to 60 years. Surgical fixation is indicated in
displaced articular fractures with significant loss of joint congruity
or restricted elbow motion.17 Open reduction and fixation of un-
stable and displaced radial head fractures are generally recom-
mended to preserve the radiocapitellar joint and allow early
motion to minimize elbow stiffness.
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The Mason Classification is the most common classification
system for radial head fractures, categorized as Types 1, 2, and 3.
Type 1 fractures are minimally displaced and are often treated
nonoperatively with early range of motion. Type 2 fractures can be
treated with or without surgery, but internal fixation may be
indicated when displacement is >2 mm with loss of articular con-
gruity and loss of elbow rangemotion. Headless compression screw
fixation with 2.5 or 3.5 mm screws is an option when articular
fractures extend into the joint with a plane perpendicular to the
articular surface. Anatomical landmarks can be used intra-
operatively to maximize the use of subchondral bone support and
prevent articular screw penetration.8,21

The radial head is anatomically complex. The articular surface of
the radial head is deeply concave and articulates with the convexity
of the capitellar articular surface (Fig. 1).20,22 Consequently, the
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Figure 1 Anatomical dissection of the radial head showing the deep concavity ( ) that
may be breached by the screw during radial head fracture fixation. The base of the
concavity sits approximately 5 mm distal to the radial head rim ( ).

R. Gray, N. Hoekzema, F. Rubio et al. JSES International 6 (2022) 704e708
whole of the articular surface of the radial head may be difficult to
visualize as it is obscured by the proximal projection of the articular
rim of the radial head. This can give the impression of radio-
capitellar joint congruity when viewed on radiograph. Computer-
ized tomography scans can be helpful in preoperative planning
operative fixation is mainly performed under fluoroscopic guidance
without direct visualization of the radial head concavity. Operative
fixation of radial head fractures can be technically difficult, and
screw trajectory can be challenging. The screws are straight, and
the joint surface is curved. Consequently, the screws cannot be
placed parallel to the joint surface but should be placed tangential
to the joint surface to avoid articular breach.

Visualizing articular breach is difficult and may not be recog-
nized. The distance of the articular concavity from the articular rim
has not been defined. The screw location should be optimized to
position the screw within the subchondral bone, which maximizes
articular support.25 The aim of our study was to define an optimal
distance from the articular rim of the radial head for screws
tangential to the articular surface that (1) prevents articular breach
of radial head screws and (2) places the screws within the sub-
chondral bone.

Materials and methods

Fifteen cadaveric proximal radii were used from donors aged
between 50 and 88 years with a weight range of 37.65-81.65 kilo-
grams, allowing for various radial head sizes. Under anteroposterior
fluoroscopic view, we used 0.062-inch Kirschner wires (K-wire) to
drill tangential to the radiocapitellar joint and as close as possible to
the deep surface of the subchondral bone plate (Fig. 2, a and b). This
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region is the ideal location for screw placement. The subchondral
bone plate is darker than the metaphyseal bone and thus easily
visualized on fluoroscan. The distance from the distal surface of the
K-wire to the articular rim of the radial head was measured 3 times
using a digital caliper. The average of the 3 measurements was
reported.

Using the K-wire as a guide, we used a cannulated 2.7-mm drill
to create a trajectory for placement of the 3.5-mm headless
compression screw (REDUCT; Skeletal Dynamics, Miami, FL, USA).
Screws that are 2.5 mm or 3.5 mm are appropriate for fixation of
large radial head fracture fragments. We chose a 3.5-mm screw
because it is the largest diameter screw that may be used for fix-
ation of radial head fractures, so it maximized the possibility of
articular breach (Fig. 3). An osteotomywas performed at the level of
the radial neck cut, and the radial head was removed. The screws
were then removed, and the radial head was sectioned in the cor-
onal plane, bisecting, and exposing the screw track (Fig. 3, a). Next,
we measured the most proximal edge of the screw track to the
articular surface of the radial head (Fig. 3, b). The distance from the
rim of the radial head to the subchondral bone was determined by
visualization on fluoroscan and after sectioning the radial head
coronally and observing the distance from the subchondral bone to
the edge of the outer articular surface. The specimens were ran-
domized at 3 separate times and presented to the surgeon to obtain
measurements.

Statistical analysis

All data are reported as an average plus or minus standard de-
viation. Grubbs's outlier tests were used to remove outliers with
95% confidence intervals (alpha value 0.05). The intrarater reli-
ability was estimated using the intraclass correlation coefficient
(ICC). The ICC was calculated using the “psych” package in R. The
ICC is reported along with the 95% confidence interval. The ICC was
calculated based on a mean-rating (k ¼ 3), absolute-agreement, 2-
way mixed effects model.19

Results

The average distance from the articular rim to the distal surface
of the K-wire was 5.1 mm ± 0.7 mm (range, 3.6-6.3 mm). None of
the 3.5 mm variable pitched screws breached the articular surface,
and all the K-wire were located in subchondral bone. The average
distance from the most proximal edge of the screw track to the
deepest part of the articular surface was 1.7 mm ± 0.4 mm (range
0.9-2.6 mm). The distance from the articular surface to the prox-
imal edge of the screw track versus the distance from the articular
rim to the distal surface of the K-wire is shown in Fig. 4. The graph
and linear regression model of the data did not show a linear
relationship between the 2 measurements (P ¼ .95). The screw
track did not breach the joint. The K-wire measurement ICC was
0.77 (0.60, 0.89). The screw measurement ICC was 0.86 (0.74, 0.94).
These values for the ICC are considered good reliability (0.75-
0.90).19

Discussion

Operative fixation of radial head fractures can be a challenge
because of the anatomy of the radial head.17,20 The articular surface
is a concavity not well visualized in Mason type 2 fractures on
flouroscan, with an accuracy of detection of implant breach of 73%.
9 This is due to the rim of the radius projecting past the base of the
center of the radial head (Fig. 5).To ensure screws are subchondral
and extra-articular, the surgeon should place them approximately 5
mm distal to the articular rim (5.1 mm ± 0.7 mm). With this entry



Figure 2 (a) Kirschner wire insertion and (b) headless compression screw placement under fluoroscopic guidance.

Figure 3 The isolated radial head. (a) An osteotomy in line with the screw track (shownwith screw placed in concavity). (b) The distance from the most proximal edge of the screw
track to the deepest part of the articular surface.

Figure 4 Scatter plot of distance from deepest part of the articular surface to the
proximal edge of the screw track versus distance from the articular rim to the distal
surface of the K-wire, showing no linear relationship between the 2 measurements.
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point, the average distance of these screws to subchondral bone
was 1.7 ± 0.4 mm. It is important to place the screws subchondral
because the subchondral bone provides the best fixation to axial
load.

To our knowledge, this is the first study examining optimal
screw placement of radial head fixation in relation to breakthrough
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of the articular radiocapitellar surface. Although radial head frac-
tures are often partial articular with an anterolateral fragment,
studies have found that equal screw purchase can be achieved
across all 4 quadrants of subchondral bone.11,12 Therefore, tangen-
tial screw placement is ideal for achieving good reduction.
Although fluoroscopy greatly improves the accuracy of screw
placement and fracture reduction, having a distance guideline to
aim for would likely decrease the amount of radiation exposure in
the operating room and decrease operative time. Most studies
looking at screw placement avoid screw abutment into the prox-
imal radioulnar joint.6,7,10,12,24,26,27,29 Although the proximal radi-
oulnar joint is involved in pronation and supination, both this joint
and the radiocapitellar joint are involved in elbow stabilization to
valgus stress.3,15 Post-traumatic arthritis and elbow instability can
result frommalalignment of the radiocapitellar joint.5 Patients with
arthritis from screw breakthrough have few options for revision or
operative treatments for their pain. Anconeous interposition and
radial head resection are well-known salvage options; however,
they have limitations because of the loss of the lateral column of the
elbow.1,13 Newer salvage procedures include radiocapitellar hemi-
arthroplasty using a custommetallic capitellar resurfacing implant,
prosthetic arthroplasty with a metal capitellar resurfacing implant,
and a polyethylene-articulating surface.13,14,18,28 Although pre-
liminary studies show promising results, no studies followed pa-
tients for longer than 6 years, and approximately one-third of
patients required a second surgery.4,28

Radial head fracture patterns may require a variety of screw
trajectories to gain adequate reduction. In cases with a concomitant
transverse radial neck fracture, compression and reduction may be



Figure 5 Anatomical specimen example of radial head irregularities illustrating the
multiple planes of bony surfaces ( ), which may overlap on the lateral view and the
depth of concavity of the articular surface ( ).
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best achieved with a perpendicular screw trajectory across the
fracture line. Previous research has described an entry point just off
the articular surface of the rim of the radial head for a proximal-to-
distal screw trajectory in these fracture patterns.23 With counter-
sinking, screws are placed subchondral to prevent complications
associated with screw head prominence. In these constructs, the
screw will start more proximal than 5 mm but will not breach the
articular surface as they are angled distally.

There were some limitations to the present study. This study
used cadavers, which have the inherent problem of limited sample.
Although age of the cadaver is a consideration, this study focused
on subchondral screw placement, and articular cartilage thickness
was not considered. In general, the specimens were older. The
number of radii was limited to 15, but we deemed this quantity
adequate to consider anatomic variations and be comparable to
other published studies. We acknowledge that this 5 mm distance
may not always be applicable in a variety of fracture patterns, but
having a distance guideline can be helpful intraoperatively. In
addition, screw trajectory is an important consideration. In spite of
adherence to the recommendation of a 5 mm distance, articular
breach may still occur with a suboptimal screw trajectory.

Conclusion

Intra-articular placement of screws during operative fixation of
radial head fractures can lead to radiocapitellar joint damage. In
this study, we have shown that a minimum distance of 5 mm from
the articular rim of the radial head can be used reliably to avoid
intra-articular screw penetration from screws placed tangential to
the articular surface. Giving the surgeon a distance guideline that
can be measured intraoperatively can minimize the risk of articular
breach and decrease the potential for implant-related radio-
capitellar trauma. Often, as surgeons, we rely on prior experience
and the use of fluoroscan to confirm correct implant placement.
However, combining this method with a defined distance will
707
further reduce the potential for articular damage and improve the
likelihood of a satisfactory outcome.
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