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Background: The anterior bundle of the medial ulnar collateral ligament (UCL) and the forearm flexors provide primary static and
dynamic stability to valgus stress of the elbow in overhead-throwing athletes. Quantitative anatomic relationships between the
dynamic and static stabilizers have not been described.

Purpose: To perform qualitative and quantitative anatomic evaluations of the medial elbow-UCL complex with specific attention
to pertinent osseous and soft tissue landmarks.

Study Design: Descriptive laboratory study.

Methods: Ten nonpaired, fresh-frozen human cadaveric elbows (mean age, 54.1 years [range, 42-64 years]; all male) were utilized
for this study. Quantitative analysis was performed with a 3-dimensional coordinate measuring device to quantify the location of
pertinent bony landmarks and tendon and ligament footprints on the humerus, ulna, and radius.

Results: The anterior bundle of the UCL attached 8.5 mm (95% CI, 6.9-10.0) distal and 7.8 mm (95% CI, 6.6-9.1) lateral to the
medial epicondyle, 1.5 mm (95% CI, 0.5-2.5) distal to the sublime tubercle, and 7.3 mm (95% CI, 6.1-8.5) distal to the joint line on
the ulna along the ulnar ridge. The flexor digitorum superficialis (FDS) ulnar tendinous insertion was closely related and interposed
within the anterior bundle of the UCL, overlapping with 45.6% (95% CI, 38.1-53.6) of the length of the anterior bundle of the UCL.
The flexor carpi ulnaris (FCU) attached 1.9 mm (95% CI, 0.8-2.9) posterior and 1.3 mm (95% CI, 0.6-3.2) proximal to the sublime
tubercle and overlapped with 20.9% (95% CI, 7.2-34.5) of the area of the distal footprint of the anterior bundle of the UCL.

Conclusion: The anterior bundle of the UCL had consistent attachment points relative to the medial epicondyle and sublime
tubercle. The ulnar limb of the FDS and FCU tendons demonstrated consistent insertions onto the ulnar attachment of the anterior
bundle of the UCL. These anatomic relationships are important to consider when evaluating distal UCL tears both operatively and
nonoperatively. Excessive stripping of the sublime tubercle should be avoided during UCL reconstruction to prevent violation of
these tendinous attachments.

Clinical Relevance: The findings of this study enhance the understanding of valgus restraint in throwing athletes and provide
insight into the difference in nonoperative outcomes between proximal and distal tears of the UCL.
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The medial ulnar collateral ligament (UCL) is composed of 3
separate related structures—the anterior, posterior, and
oblique bundles—and is the primary stabilizer to valgus
stress in the elbow. The anterior bundle provides the major-
ity of valgus restraint, while the entire UCL complex is

essential for valgus stability in throwing athletes.8,17,20,29

Specifically, the UCL provides critical valgus stability in
athletes during the late cocking and early acceleration
phases of throwing.8 In addition, the UCL and medial joint
capsule contribute to static stabilization of the elbow,22

while the flexor pronator muscle mass has an important
role in dynamic elbow valgus stability.19,23,24,30

Injuries to the distal insertion of the anterior bundle are
associated with increased failure rates in professional pitchers
compared with proximal bundle injuries when treated nonop-
eratively.13,25 Numerous studies have reported concomitant
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flexor pronator mass injuries in patients with UCL
tears.3,4,8,10,21 Furthermore, early surgical techniques for
UCL reconstruction involved disruption of the flexor pronator
musculature and resulted in less than optimal outcomes8 com-
pared with modern surgical approaches, which have placed an
increased emphasis on limiting dissection of the flexor prona-
tor musculature during exposure.1,28,31 Although biomechani-
cal studies have evaluated the static and dynamic stabilizers
in the elbow,19,20,24,30 there is a paucity of literature describing
the quantitative and clinically relevant anatomy between the
UCL and related structures. This information is important in
understanding the anatomic relationships between the static
and dynamic valgus stabilizers of the elbow and for the surgi-
cal management of injuries related to these structures. There-
fore, the purpose of this study was to perform qualitative and
quantitative anatomic evaluations of the UCL attachment
sites, with specific attention to their relationship with the
dynamic stabilizers of the elbow and pertinent osseous and
soft tissue landmarks. It was hypothesized that the UCL
would have consistent parameters concerning its anatomic
attachments and relationships to surgically relevant
landmarks.

METHODS

Specimen Preparation

Ten nonpaired, fresh-frozen human cadaveric elbows (mean
age, 54.1 years [range, 42-64 years]; all male) without prior
surgery or evidence of previous injuries were utilized for
this study. The cadaveric specimens were donated to a tissue
bank for medical research and then purchased by our

institution. All specimens were stored at –20"C and thawed
at room temperature for 24 hours before preparation. Speci-
mens were dissected to remove the skin and subcutaneous
tissue, leaving the muscles and medial elbow structures
intact. The forearm was fixed in extension and full supina-
tion using Steinmann pins across bony articulations and
placed in a custom clamp for measurement consistency.

Data Collection

Anatomic measurements were collected using a portable
coordinate measuring device (7315 Romer Absolute
Arm; Hexagon Metrology) and recorded as 3-dimensional
(3D) point coordinates using Rhino 5 (McNeel North
America) (Figure 1). Point data were transferred to Mat-
lab (MathWorks), where they were analyzed using cus-
tom software. To ensure the consistency of point
collection, both the specimen and 3D coordinate measur-
ing device were rigidly fastened to the same table, and
reference points on the humerus, ulna, and radius were
measured before and after data collection to ensure
that the specimen did not move during the dissection
and measurement process. The list of measured struc-
tures is shown in Table 1.

Figure 1. Data collection with the Romer device. The foot-
prints were marked and data points collected on the perim-
eter and center. CFA, common flexor attachment; FCU,
flexor carpi ulnaris; ME, medial epicondyle; ST, sublime
tubercle.

TABLE 1
Anatomic Points Measured on Quantitative Analysisa

Bony Soft Tissue

Sublime tubercle Pronator teres
Ulnar ridge Common flexor (FCR, FCU, FDS)
Olecranon tip Brachialis
Coronoid process FCU
Medial humeral epicondyle FDS
Lateral humeral epicondyle Anterior bundle of UCL
Ulnohumeral joint line Oblique bundle of UCL

Posterior bundle of UCL

aFCR, flexor carpi radialis; FCU, flexor carpi ulnaris; FDS,
flexor digitorum superficialis; UCL, ulnar collateral ligament.
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Anatomic Joint Coordinate Frame Definition

A joint coordinate frame was established to present distance
data along the anatomic axes.33,34 The superior direction
was defined using the long axis of the humerus and calcu-
lated by interpolating a line through the centers of 3 rings
of points collected around the humeral shaft. The anterior
axis was defined as mutually perpendicular to the superior
axis and to the axis passing through the medial and lateral
humeral epicondyles. The lateral axis was defined as mutu-
ally perpendicular to the superior and anterior axes.

Quantitative Measurements and Statistical Analysis

The data collected were transferred to Matlab and analyzed
using custom software. Footprint areas were calculated by

creating a best-fit plane through the points taken along
the circumference, projecting the points onto the plane,
and computing the area of the resulting 2D polyhedron. Dis-
tance measurements were taken as the 3D linear distance
between structures and deconstructed onto the 3 anatomic
axes defined above. These measurements were taken
between the centers of 2 structures, unless otherwise speci-
fied. Ligament lengths were estimated by calculating the
direct 3D distance between the centers of the ligament’s
attachment sites. For each measurement, the mean of the
10 specimens and the 95% CI were computed.

RESULTS

Qualitative Anatomy

Three bundles of the UCL were consistently identified in
all specimens. On the humerus, the anterior bundle of
the UCL attached distal and lateral to the medial epicon-
dyle. The posterior bundle of the UCL attached distal
and lateral to the medial epicondyle, posterior to the ante-
rior bundle, with the footprints of the 2 bundles separated
by a bony ridge. On the ulna, the anterior bundle of the
UCL attached just distal to the joint line on the sublime
tubercle, with the footprint extending distally along the
ulnar ridge (Figures 2 and 3). The posterior bundle of the
UCL attached deep to the oblique bundle of the UCL, pos-
terior to the joint line. Both of the oblique bundle attach-
ments were located on the ulna, including the anterior
attachment, closer to the ulnar ridge, and the posterior
attachment located between the joint line and the olecra-
non (Figure 3).

The brachialis muscle had a broad attachment on the
anterior surface of the proximal ulna, on the brachialis
tubercle, distal to the coronoid process and lateral to both
the sublime tubercle and ulnar ridge (Figure 3). It also
extended proximally, with muscular insertions on the
anterior capsule. The flexor digitorum superficialis (FDS)
had a tendinous ulnar attachment, just medial to the ulnar
ridge, with fibers attached to the anterior bundle of the
UCL (Figure 3). Furthermore, the FDS extended proxi-
mally across the joint line, with a muscular attachment
spanning the anteromedial capsule to its common insertion
on the medial epicondyle (Figure 4). The pronator teres
had 3 distinct attachments: one on the humerus, proximal
to the common flexor attachment, and a thin tendinous
band on the ulna between the brachialis and the anterior
bundle of the UCL and on the radius shaft. The flexor carpi
ulnaris (FCU) also had a distinct tendinous insertion on
the sublime tubercle and ulnar ridge, with fibers inserting
on the anterior and oblique bundles of the UCL and muscu-
lar fibers along the entire oblique bundle of the UCL (Fig-
ure 4).

Quantitative Anatomy

Ulnar Collateral Ligament. The center of the humeral
footprint of the anterior bundle was 8.5 mm (95% CI, 6.9-
10.0) distal and 7.8 mm (95% CI, 6.6-9.1) lateral to the

Figure 2. Relevant bony landmarks of the proximal ulna.
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medial epicondyle. The center of the anterior bundle’s
ulnar footprint was 1.5 mm (95% CI, 0.5-2.5) distal to the
sublime tubercle along the ulnar ridge. The ulnar footprint
of the anterior bundle attached closer to the joint line than
the humeral attachment, with the center of the humeral
and ulnar attachments 15.4 mm (95% CI, 13.9-16.9) and
7.3 mm (95% CI, 6.1-8.5) from the joint line, respectively.

The posterior bundle’s humeral footprint was 7.2 mm
(95% CI, 6.0-8.3) distal and 9.5 mm (95% CI, 8.4-10.7) lat-
eral to the medial epicondyle. The posterior bundle’s ulnar
footprint was 1.6 mm (95% CI, –4.4 to 1.1) distal and
9.8 mm (95% CI, 8.0 to 11.6) anterior to the olecranon tip
and 4.4 mm (95% CI, 3.4 to 5.4) posterior to the joint
line. Ligament lengths and areas of the footprints are
reported in Table 2. Additional measurements regarding
the UCL can be found in Tables 3, 5, and 6.

Tendon Attachments on the Humerus. The pronator teres
attached proximal to the common flexor footprint 9.4 mm
(95% CI, 6.5-12.3) proximal to the medial epicondyle. The cen-
ter of the common flexor pronator attachment was 4.4 mm
(95% CI, 2.9-5.9) anterior to the medial epicondyle.

Tendon Attachments on the Ulna. The ulnar attachment
of the pronator teres was 14.5 mm (95% CI, 11.9-17.2) distal
to the center of the sublime tubercle and 24.3 mm (95% CI,
20.6-28.0) distal to the joint line, adjacent to the ulnar ridge.
The ulnar head of the FDS had tendinous insertions on the
radial aspect of the anterior bundle of the UCL, 6.8 mm
(95% CI, 3.6-10.0) distal to the center of the sublime tubercle

and 11.3 mm (95% CI, 8.7-13.9) distal to the joint line, adja-
cent to the ulnar ridge.

The FDS attachment onto the distal aspect of the ante-
rior bundle spanned 45.6% (95% CI, 38.1-53.6) of the total
length of that bundle. The FCU had a tendinous insertion
with an area of 20.2 mm2 (95% CI, 16.4-24.0) near the

Figure 4. Medial view of an elbow, demonstrating the 3 bun-
dles of the ulnar collateral ligament (UCL) and the relationship
between the anterior bundle of the UCL and the musculoten-
dinous insertions of the flexor pronator mass. ABUCL, ante-
rior bundle of the UCL; FCU, ulnar carpi ulnaris; FDS, flexor
digitorum superficialis; OBUCL, oblique bundle of the UCL;
PBUCL, posterior bundle of the UCL.

Figure 3. (A) Anterior and (B) medial views of an elbow, dem-
onstrating the 3 bundles of the ulnar collateral ligament (UCL)
and the relationship between the anterior bundle of the UCL
and the musculotendinous insertions of the flexor pronator
mass, with the footprints represented by different colors.
ABUCL, anterior bundle of the UCL; FCU, ulnar carpi ulnaris;
FDS, flexor digitorum superficialis; OBUCL, oblique bundle of
the UCL; PBUCL, posterior bundle of the UCL.

TABLE 2
Footprint Areas of the Ulnar Collateral Ligament

Bundles on the Humerus and Ulnaa

Footprint Area, mm2 Ligament Length,b mm

Anterior 21.5 (20.0-23.0)
Ulnar 66.4 (54.0-78.7)
Humeral 17.0 (14.9-19.1)

Posterior 15.0 (13.5-16.5)
Ulnar 18.5 (13.6-23.4)
Humeral 17.6 (14.7-20.6)

Oblique 13.9 (12.0-15.8)
Anterior ulnar 15.9 (13.0-18.7)
Posterior ulnar 16.1 (12.5-19.7)

aData are presented as mean (95% CI).
bLigament lengths were calculated using the center of both

footprints.
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sublime tubercle, 4.2 mm (95% CI, 3.4-5.0) distal to the
joint line, and 1.7 mm (95% CI, 0.5-3.0) posterior to the
ulnar ridge. The FCU attachment overlapped with 20.9%
(95% CI, 7.2-34.5) of the total area of the anterior bundle
of the UCL. Additional measurements of the muscular
attachments to surgically relevant landmarks can be found
in Tables 4, 5, and 6.

DISCUSSION

The most important findings of this study are the repro-
ducible quantitative relationships of the UCL footprints
and the direct tendinous insertions of the FCU and FDS
onto the distal insertion of the anterior bundle of the
UCL. This relationship supports previous clinical studies
that reported concomitant flexor pronator mass injuries
in patients with UCL tears.3,4,8,10,21 In addition, this could
explain the increased failure rates associated with the non-
operative management of ulnar-sided tears of the UCL in
throwing athletes.13

In the present study, the FCU, pronator teres, and FDS
had tendon fibers merging in close proximity to the anterior
bundle of the UCL. Specifically, the FDS tendon attached
along 45.6% of the distal length of the anterior bundle,
and the FCU tendon overlapped with 20.9% of the distal
(ulnar) footprint of the anterior bundle of the UCL. The pro-
nator teres attached along the distal lateral border of the
anterior bundle, along the ulnar ridge, just medial to the

brachialis insertion. We believe that this intimate associa-
tion of the dynamic stabilizers with the distal aspect of
the anterior bundle may contribute to the increased failure
rates seen with the nonoperative management of distal
ulnar-sided UCL tears versus proximal humeral-sided tears
in professional pitchers.13 It could also contribute to the
negative outcomes associated with flexor pronator morbid-
ity in early UCL reconstruction techniques, which did not
preserve the flexor pronator mass attachment.17,31 When
reviewing the technical aspects of each of the modern recon-
struction techniques, there is no mention of the relationship
of the ulnar insertions of the FDS, FCU, or pronator teres
on the anterior bundle of the UCL.1,5,7,11,18,26

Regardless of the fixation method for UCL reconstruc-
tion, the identification of these structures in relation to
the joint line and bony landmarks should be useful for
determining the optimal position of reconstruction graft
tunnels to reduce morbidity to surrounding structures.
When interference screw fixation is utilized, a tunnel can
be positioned at the center of the anterior bundle of the
UCL, 0.3 mm anterior, 1.5 mm distal, and 1.4 mm lateral
from the center of the sublime tubercle and 7.3 mm distal
from the ulnohumeral joint line (Figure 5). The sublime
tubercle provides a bony landmark on the proximal ulna
and is often utilized to determine positioning of the UCL
reconstruction tunnel. The sublime tubercle is a reliable
landmark on the medial side of the proximal ulna. In an
anatomic study, Farrow et al12 identified the sublime
tubercle and an osseous ridge in all 100 skeletally mature

TABLE 3
Distances From the Medial Epicondyle to the Center of the Footprints

and Distances Between the Ulnar Collateral Ligament Attachments on the Humerusa

Total Anterior Proximal Lateral

Distance from medial epicondyle, mm
ABUCL 12.9 (11.4 to 14.5) 5.5 (4.7 to 6.2) –8.5 (210.0 to 26.9) 7.8 (6.6 to 9.1)
PBUCL 12.5 (11.2 to 13.7) 2.4 (1.0 to 3.8) –7.2 (28.3 to 26.0) 9.5 (8.4 to 10.7)
Pronator teres 12.7 (9.8 to 15.7) 2.4 (0.8 to 4.0) 9.4 (6.5 to 12.3) 7.4 (5.6 to 9.2)
Common flexor 6.3 (4.3 to 8.3) 4.4 (2.9 to 5.9) –1.5 (23.7 to 0.7) 2.6 (1.3 to 4.0)

Distance from center of ABUCL, mm
PBUCL 21.5 (20.0 to 23.0) –2.6 (24.7 to 26.0) –18.5 (219.8 to 217.1) 10.1 (8.8 to 11.4)

aData in parentheses are presented as 95% CI. ABUCL, anterior bundle of the ulnar collateral ligament; PBUCL, posterior bundle of the
ulnar collateral ligament.

TABLE 4
Footprint Areas of the Medial Muscle Attachmentsa

Area, mm2

Ulnar Footprint Humeral Footprint Radial Footprint

FDS 40.7 (32.2-49.1)
FCU 20.2 (16.4-24.0)
Common flexor (FCR, FCU, FDS) 127.9 (89.5-166.3)
Pronator teres 34.3 (25.1-43.5) 40.1 (33.3-47.0) 101.0 (75.6-126.5)
Brachialis 83.6 (64.1-103.1)

aData are presented as mean (95% CI). FCR, flexor carpi radialis; FCU, flexor carpi ulnaris; FDS, flexor digitorum superficialis.
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human cadaveric ulnae. The sublime tubercle and the
medial UCL ridge were reported to be the attachment
site for the anterior bundle of the UCL.12 In the present
study, the center of the sublime tubercle was 5.2 mm distal
to the elbow joint line and 2.3 mm, 3.3 mm, 5.2 mm, and
14.6 mm from the nearest edge of the ulnar insertions of
the FCU, oblique bundle of the UCL, FDS, and pronator
teres, respectively. These relationships are useful referen-
ces when deciding on the optimal placement of the ulnar
tunnel in UCL reconstruction, especially when traction
spurs on the sublime tubercle distort normal anatomic con-
tours. In these cases, the relationship of surrounding struc-
tures can help guide osteophyte removal, reveal the native
tubercle, and avoid a nonanatomic reconstruction tunnel

position. The center of the anterior bundle UCL insertion
was 3.8 mm, 2.6 mm, 4.6 mm, and 12.7 mm from the near-
est edge of the ulnar insertions of the FDS, FCU, oblique
bundle of the UCL, and pronator teres, respectively. Addi-
tionally, the proximity of these tendinous insertions should
not be underestimated during medial elbow approaches
and UCL reconstruction. There are several commercially
available systems that utilize a drilling guide system for
ulnar tunnel placement that require the release of most
of the discussed attachments around the sublime tubercle
to allow for guide placement. Excessive release in this
case may compromise the dynamic component of stability
postoperatively or become a pain generator during activa-
tion, especially in high-level throwing athletes.

TABLE 5
Distances From the Pertinent Landmarks on the Ulna

to the Center of the Ulnar Collateral Ligament and Muscular Footprintsa

Ulnar Bony Landmarks Total Anterior Proximal Lateral

Distance from sublime tubercle, mm
ABUCL 2.5 (1.3 to 3.7) 0.3 (20.4 to 1.0) –1.5 (22.5 to 20.5) 1.4 (0.4 to 2.4)
PBUCL 24.7 (22.8 to 26.6) –13.1 (215.0 to 211.2) 20.7 (18.8 to 22.6) –1.0 (22.0 to 0.0)
Anterior OBUCL 5.5 (4.0 to 7.0) –4.0 (25.4 to 22.7) 3.4 (2.4 to 4.3) 0.6 (20.1 to 1.3)
Posterior OBUCL 19.2 (16.7 to 21.7) –13.5 (215.4 to 211.6) 13.2 (10.7 to 15.6) 1.3 (0.3 to 2.3)
Pronator teres 20.4 (16.8 to 23.9) –1.5 (24.3 to 1.3) –14.5 (217.2 to 211.9) 13.4 (10.7 to 16.1)
FDS 10.9 (7.2 to 14.5) –0.1 (22.0 to 1.8) –6.8 (210.0 to 23.6) 7.6 (5.5 to 9.8)
FCU 4.2 (2.7 to 5.7) –1.9 (22.9 to 20.8) 1.3 (20.6 to 3.2) 0.5 (21.2 to 2.2)
Brachialis 24.5 (23.2 to 25.7) 0.9 (21.4 to 3.1) –16.2 (217.5 to 214.9) 17.9 (16.7 to 19.0)

Distance from ulnohumeral joint line, mm
ABUCL 7.3 (6.1 to 8.5) –2.3 (23.3 to 21.3) –6.3 (27.4 to 25.2) 1.8 (0.6 to 3.0)
PBUCL 6.4 (4.1 to 8.8) –4.4 (25.4 to 23.4) 2.9 (0.3 to 5.5) –1.3 (22.9 to 0.3)
Anterior OBUCL 5.0 (4.0 to 6.1) –3.4 (25.0 to 21.9) –2.8 (23.4 to 22.1) 0.8 (20.1 to 1.7)
Posterior OBUCL 6.4 (5.0 to 7.8) –5.5 (26.6 to 24.5) –1.0 (22.8 to 0.8) –0.7 (21.9 to 0.6)
Pronator teres 24.3 (20.6 to 28.0) –5.7 (29.9 to 21.5) –19.1 (221.8 to 216.3) 12.5 (10.2 to 14.8)
FDS 14.8 (11.4 to 18.2) –3.8 (26.3 to 21.3) –11.3 (213.9 to 28.7) 7.9 (5.7 to 10.0)
FCU 5.8 (4.8 to 6.9) –2.8 (24.0 to 21.7) –4.2 (25.0 to 23.4) 0.9 (20.6 to 2.4)
Brachialis 27.6 (25.8 to 29.3) –5.0 (29.1 to 21.0) –20.3 (222.5 to 218.1) 16.6 (15.2 to 18.0)
Sublime tubercle 5.8 (4.5 to 7.0) –1.8 (22.4 to 21.1) –5.2 (26.4 to 24.0) 0.5 (20.4 to 1.4)

Distance from ulnar ridge, mm
ABUCL 3.7 (0.9 to 6.6) 0.5 (20.5 to 1.4) 1.8 (20.2 to 3.9) –2.1 (24.5 to 0.2)
PBUCL 25.9 (23.9 to 27.9) –13.4 (215.8 to 211.1) 21.1 (18.9 to 23.3) –2.5 (25.6 to 0.6)
Anterior OBUCL 8.1 (5.6 to 10.6) –4.2 (25.8 to 22.6) 4.6 (2.0 to 7.2) –1.3 (24.1 to 1.4)
Posterior OBUCL 20.3 (18.0 to 22.5) –13.8 (216.1 to 211.6) 13.6 (11.0 to 16.2) –0.3 (23.1 to 2.6)
Pronator teres 1.9 (1.1 to 2.8) 0.2 (20.5 to 1.0) 0.4 (20.4 to 1.1) 0.6 (20.3 to 1.6)
FDS 2.9 (1.4 to 4.5) 0.7 (20.3 to 1.7) 1.2 (20.3 to 2.7) –0.5 (22.0 to 1.0)
FCU 6.0 (3.5 to 8.5) –1.7 (23.0 to 20.5) 3.7 (1.6 to 5.7) –2.5 (25.0 to 0.0)

Distance from coronoid process, mm
ABUCL 20.6 (18.6 to 22.5) –12.9 (214.5 to 211.2) –11.2 (212.7 to 29.7) –10.8 (213.0 to 28.6)
PBUCL 31.8 (30.2 to 33.4) –26.2 (228.5 to 224.0) 10.9 (8.6 to 13.2) –13.2 (215.4 to 210.9)
Anterior OBUCL 22.0 (19.9 to 24.1) –17.2 (219.3 to 215.0) –6.4 (27.5 to 25.2) –11.6 (213.8 to 29.4)
Posterior OBUCL 29.4 (27.2 to 31.7) –26.6 (229.2 to 224.1) 3.4 (1.2 to 5.6) –10.9 (213.0 to 28.8)
Pronator teres 29.3 (25.7 to 32.9) –14.6 (217.6 to 211.6) –24.3 (227.5 to 221.0) 1.2 (22.9 to 5.3)
FDS 22.7 (19.9 to 25.4) –13.2 (215.6 to 210.9) –16.6 (219.5 to 213.6) –4.6 (28.0 to 21.1)
FCU 21.4 (19.7 to 23.1) –15.0 (216.7 to 213.3) –8.4 (29.5 to 27.4) –11.7 (214.7 to 28.8)

Distance from olecranon, mm
PBUCL 15.2 (11.4 to 18.9) 9.8 (8.0 to 11.6) –1.6 (24.4 to 1.1) –8.7 (213.9 to 23.5)
Posterior OBUCL 17.0 (13.4 to 20.5) 9.4 (7.0 to 11.8) –9.2 (212.0 to 26.3) –6.5 (212.0 to 20.9)

aData in parentheses are presented as 95% CI. ABUCL, anterior bundle of the ulnar collateral ligament; FCU, flexor carpi ulnaris; FDS,
flexor digitorum superficialis; OBUCL, oblique bundle of the ulnar collateral ligament; PBUCL, posterior bundle of the ulnar collateral
ligament.
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The close anatomic proximity of the anterior bundle of the
UCL to the insertions of the FCU, FDS, and pronator teres
found in this study supports previous biomechanical studies
that demonstrated the importance of the flexor pronator
musculature for dynamic stability of the elbow.19,23 Davidson
et al9 reported that the FCU and FDS were optimally ori-
ented in line with the UCL to contribute to dynamic elbow
valgus stability.30 The combination of large valgus loads
with rapid elbow extension produces tensile stress along
the medial compartment restraints (UCL, flexor pronator
mass) and forms the basic pathophysiological model behind
the most common elbow injuries in the throwing ath-
lete.6,19,32 Injuries to the flexor pronator mass are common
and present as a spectrum of abnormalities from mild muscu-
lar overuse to chronic tendinitis or acute muscle tears. In this

regard, Park and Ahmad23 evaluated the role of the flexor
pronator group in UCL-deficient elbows and reported that
contraction of the FCU and FDS resulted in the greatest sta-
bility to the UCL-deficient elbow compared with the other
surrounding musculature. Clinical electromyography studies
aimed at defining the flexor contraction pattern during the
pitching motion have reported that pitchers with symptom-
atic valgus instability have decreased flexor pronator mass
activity.14,16

A recent study evaluated the failure of the nonoperative
management of UCL injuries in professional pitchers and
found an increased failure rate in distal tears compared
with proximal tears.13 The nonoperative management of
these injuries usually involves a period of immobilization,
followed by a gradual return to a throwing program. Con-
tractile forces of the flexor pronator musculature have
been reported to resist valgus stress during early arm
acceleration and help produce wrist flexion during ball
release.27 Because of the activation of the flexor pronator
musculature during the throwing motion, ulnar-sided
tears could be at risk for increased stress during throwing
because of the attachments of the FDS, FCU, and pronator
teres on the distal part of the ligament. This micromotion
could impede healing of distal UCL injuries. Finally,
regardless of surgical or nonoperative intervention, this
relationship of the UCL and the surrounding flexor prona-
tor attachments becomes important when considering
rehabilitation and preventative strategies. A primary focus
should be directed on strengthening the musculature sur-
rounding the UCL for injury prevention and stability of
the capsule and underlying ligaments.

We recognize that the present study has some limitations
inherent to a cadaveric study design. Although a detailed dis-
section was performed to clearly visualize the anatomic
attachments, fiber direction, and attachment sites, distances
were calculated as 2D distances, which may have resulted in
an underestimation of structure lengths. However, the
method used for data collection has been demonstrated to

TABLE 6
Distances Between the Centers of the Ulnar Collateral Ligaments

and to Other Soft Tissue Footprints From the Ulnar Anterior Bundle Attachmenta

Ulnar Attachments Total Anterior Proximal Lateral

Distance from center of ABUCL, mm
PBUCL 26.2 (24.2 to 28.2) –13.4 (215.3 to 211.5) 22.1 (20.1 to 24.2) –2.3 (23.6 to 21.1)
Anterior OBUCL 7.0 (5.6 to 8.3) –4.3 (25.4 to 23.2) 4.8 (3.8 to 5.9) –0.8 (22.1 to 0.6)
Posterior OBUCL 20.4 (18.0 to 22.9) –13.8 (215.8 to 211.7) 14.6 (12.1 to 17.1) –0.1 (21.2 to 1.0)
FCU 4.6 (3.0 to 6.3) –2.2 (23.0 to 21.4) 2.8 (1.2 to 4.3) –0.9 (22.7 to 0.9)
Pronator teres 18.3 (13.9 to 22.8) –1.8 (24.3 to 0.7) –13.1 (216.2 to 29.9) 12.0 (8.6 to 15.4)
FDS 9.2 (5.7 to 12.7) –0.4 (22.2 to 1.4) –5.4 (28.3 to 22.4) 6.3 (3.6 to 8.9)
Brachialis 22.5 (20.7 to 24.2) 0.6 (21.6 to 2.7) –14.7 (215.8 to 213.7) 16.5 (14.7 to 18.4)

Distance from center of anterior OBUCL, mm
PBUCL 19.8 (18.0 to 21.5) –9.1 (210.6 to 27.6) 17.3 (15.6 to 19.0) –1.6 (22.5 to 20.6)

Distance from center of posterior OBUCL, mm
PBUCL 8.0 (6.7 to 9.4) 0.4 (20.5 to 1.3) 7.5 (6.2 to 8.9) –2.2 (22.8 to 21.7)

aData in parentheses are presented as 95% CI. ABUCL, anterior bundle of the ulnar collateral ligament; FCU, flexor carpi ulnaris; FDS,
flexor digitorum superficialis; OBUCL, oblique bundle of the ulnar collateral ligament; PBUCL, posterior bundle of the ulnar collateral
ligament.

Figure 5. Tunnel positions for ulnar collateral ligament
reconstruction. If a 2-tunnel technique is used, they can be
placed on both sides of the ridge, 7.3 mm from the joint
line (black circles). It is worth noting that for a 2-tunnel tech-
nique, muscle attachments on the anterior surface of the
proximal ulna have to be released. If a single tunnel is
used, it should be placed along the ridge, just distal to the
sublime tubercle and 7.3 mm distal to the joint line.
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be highly repeatable.2,15 Two board-certified orthopaedic sur-
geons with experience in anatomic dissections performed all
the dissections and data collection.

CONCLUSION

The most important findings of this study are the quantita-
tive anatomy of the UCL bundle attachments and its rela-
tionship to surgically relevant bony landmarks. The ulnar
limb of the FDS and FCU tendons demonstrated consistent
insertions onto the ulnar attachment of the anterior bundle
of the UCL. Excessive stripping of the sublime tubercle
should be avoided during UCL reconstruction to prevent
violation of these tendinous attachments. The data allow
for reproducible landmarks to be established from previ-
ously known bony and soft tissue structures and provide
a clear understanding of the anatomic relationships of the
static and dynamic stabilizers of the elbow, which could ulti-
mately influence the operative and nonoperative manage-
ment of injuries to these structures in throwing athletes.
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