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Introduction

Methods

Results
• Force transmission across the radiocapitellar joint (RCJ) is a dynamic process 

dependent on elbow position, the magnitude and direction of the force applied 
and the integrity of the forearm soft tissue stabilizers

• The distal radioulnar joint (DRUJ), interosseous membrane (IOM) and proximal 
radioulnar joint (PRUJ) work as a unique, single unit to distribute force between 
the wrist, forearm and elbow joints (Figure 1)

• Interosseus membrane (IOM) injury has been shown to cause proximal radial 
head migration, radiocapitellar joint (RCJ) impingement and instability with 
reciprocal distal radioulnar joint instability and ulnar wrist impaction

• Previous studies have shown the radiocarpal joint to bear as high as 80% of 
force transmission through the wrist; however, this is highly dependent on ulnar 
variance and wrist position, with less radiocarpal load transmission with positive 
ulnar variance, wrist flexion, and forearm pronation

• However, the effect of ulnar shortening on reciprocal force transmission across 
the RCJ has yet to be described

• Clinically, ulnar shortening can occur as a result of  distal ulna resection to treat 
ulnocarpal impingement, tumor resection, congenital anomalies and trauma

• Increased loading at elbow joint in the dominant extremity of heavy manual 
laborers has been associated with higher incidence of osteoarthritis, with known 
pathoanatomy consisting of osteophytosis, capsular contracture, and formation 
of loose bodies 

• In a cadaveric model we aim to better understand load sharing across the 
forearm by measuring RCJ force transmission at different elbow positions and 
degrees of distal ulna resection
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• Four fresh-frozen cadaveric forearms with elbow and distal humerus were procured 
from three donors (mean age: 44.5yrs)

• Biomechanical testing was conducted on a loading platform where axial loads (max 
150N) were applied to the distal radius using a weight and pulley system

• With the hand resected, a rectangular loading fixture was bolted onto the distal 
radius, the fixture was then fitted snuggly inside a 6-in PVC pipe (Figure 1). This 
setup allows the loading fixture/forearm to slide axially inside the pipe, while 
pronation/supination of the forearm was facilitated by rotating the pipe in each 
direction and secured to the platform with a clamp

• Two flexion positions were tested:  45- and 90-deg. At each position, three tests were 
repeated in 45-deg pronation, neutral, and 45-deg supination positions

• Four ulnar conditions were studies: intact radioulnocarpal joint, and with distal ulna 
resected by 2cm, a quarter of the ulna length, and half of the ulna length

• Data from these conditions were compared using repeated measure ANOVA, 
followed by pair wise comparisons if found significant (at p<0.05)

Cadaver Preparation
• The distal humerus was skeletonized and potted in dental cement. Elbow flexion 

angle was adjusted by moving the potted humerus in the desired positions and 
secured to the platform with clamps

• To measure the responding force transmitted to the RCJ, a joint pressure sensor (I-
Scan 6900, Tekscan Inc, Boston MA) was placed into the RCJ with an incision made 
through the anterior joint capsule. Pressure data were collected for 1sec at 100Hz, 
and the mean value was used

Figure 4. Normalized RC force transmission to intact ulna after ulnar shortening. 
Compared to intact control, statistically significant increase was found in 
supinated 90-degree flexion and supinated 45-degree flexion for both quarter-
and half-length resections. In 45-degree flexion with neutral 
supination/pronation, the RCJ force was significantly higher than the intact 
specimen after 2-cm ulna resection (p<0.03)

• Forearm stability is critical for maintaining full painless wrist, elbow and 
forearm motion

• Previous studies have shown the radial head proximally, interosseous 
membrane (IOM) centrally and the triangular fibrocartilage complex 
(TFCC) distally to be the primary longitudinal forearm axis stabilizers 

• In the normal state, axial loads applied to the ulnar neutral wrist with the 
forearm in neutral rotation have been shown to concentrate primarily at 
the distal radiocarpal joint (80%) and proximally at the RCJ (60%); 
however, the intact IOM enables some force transmission to the 
ulnohumeral joint 

• This radioulnar load sharing process helps dynamically distribute the 
force across the elbow joint and is dependent on magnitude of force 
applied, integrity of the forearm axis stabilizers,  and the position of the 
wrist, forearm and elbow 

• Our study shows that in the intact ulna increased force transmission 
occurs with pronation and elbow flexion 

• After distal ulna resection, the majority of axial load applied to the wrist 
goes directly to the RCJ with less load sharing across the forearm

• Increased RCJ force transmission occurred with greater ulna resection, 
consistent with previous studies showing the central band of the IOM to 
be the most important forearm stabilizer (Figure 1)

• Previous anatomical studies have shown the most distal and proximal 
ends of the radial origin of the central band to be 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 dorsal oblique bundle (DOB) of the IOM originated 15% of total 
ulnar length and inserted 10% of total radial length

• In our study, the 2 cm resection condition allowed for  some maintained 
load sharing because of the intact central band.  However, increased 
RCJ force transmission was measured in the 45 flexion -neutral rotation 
condition 

• 25% ulna resection resulted in disruption of TFCC and DOB; this 
resulted in a significantly greater RCJ force transmission in 45 flexion-
supination and 90 flexion-supination conditions

• 50% ulna resection resulted in disruption of TFCC, DOB and central 
band; this resulted in a significantly greater RCJ force transmission in 
45 flexion- supination and 90 flexion-supination conditions

Figure 2. Close-up of the testing setup
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Figure 3.  RCJ force transmission in intact specimens with varying degrees 
of flexion and forearm rotation after 150 N axial load. In neutral 
pronation/supination, flexion increased average RCJ load transmission from 
94.3±72.3 N (63% total load) at 45 degrees to 123.6±69.3 N (85%) at 90 
degrees, respectively. Supination of 45-degree decreased the 
radiocapitellar force to 87.2±49.2 N and 81.7±56.2 N respectively, while 
pronation of 45-degrees increased the force to 123.2±67.5 N and 
131.7±66.8 N respectively 

Force transmission across the RCJ increases after distal ulna shortening, 
especially with supination and flexion of the elbow.  Immobilization in 90 
degrees of elbow flexion with forearm pronation after ulna shortening 
procedures or traumatic disruption of longitudinal forearm stabilizers may be 
protective 

Figure 1. Anatomy of IOM 
(Noda et al., 2009)
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