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Analysis of Age-Related Degenerative
Changes of the Biceps Brachii Distal
Footprint

Abdo Bachoura, MD; Koichi Sasaki, MD; and Srinath Kamineni, MD, FRCS-Orth

The purpose of this study is to qualitatively and quantitatively describe the morphology of the biceps
insertion on the radial tuberosity. Twenty-four preserved human elbows were carefully dissected and
the insertions of the biceps conserved. The radius and the shape of the biceps insertion on the radial
tuberosity were computerized using a three-dimensional digitizer. The length, width, and surface area of
the footprints were measured. The soft tissue status of the muscle insertions and shape of the footprints
were qualitatively described. The mean length of the biceps footprint was 24.1 š 2.4 mm, the mean width
was 11.1 š 2.6 mm, and the mean area of the footprint was 219.0 š 60.2 mm2. Avascular, degenerate
tissue fibers, consistent with tissue fibrosis were observed in 46% of the specimens. These changes
may demonstrate natural changes of the distal biceps tendon and may improve our understanding of
biceps tendinopathy and its prevalence. (Journal of Surgical Orthopaedic Advances 22(4):1–7, 2013)
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Surgeons have shown interest in the footprint of the
distal biceps insertion because some argue that it matters
for reattachment or reconstruction (1–6). Although the
history, physical exam, and imaging studies of complete
ruptures are distinct, partial ruptures of the distal biceps
present a more challenging problem because of atyp-
ical patient presentation, the limitations of diagnostic
tools, such as magnetic resonance imaging, and our
limited understanding of the natural history of partial
tears and confounding biceps tendinopathy (7–9). In
particular, partial ruptures that present with an insid-
ious onset of pain may be more representative of self-
limited tendinopathy or enthesopathy, rather than true
partial tendon detachment (8). Few data exist about this
topic, however, and surgical repair of partial rupture of
the distal biceps remains a controversial and confusing
topic (8, 9).

The purpose of this study, therefore, was to quantita-
tively and qualitatively describe the footprints of the distal
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biceps insertion. Although several studies have described
the dimensions and the shape of the distal biceps footprint,
a discussion on the soft tissue status of the insertion has
been lacking. Furthermore, the results of the dimension
of the distal biceps footprint are not entirely consistent,
and significant variations exist within the literature (1–6).
Knowledge of the morphology and soft tissue status of the
distal biceps tendon insertion, especially in more senior
populations, may improve our understanding of biceps
tendinosis and naturally occurring, age-related changes of
the distal biceps tendon.

Materials and Methods

Twenty-four formalin-preserved human elbows from
12 cadavers were carefully dissected and the insertions
of the biceps brachii footprint meticulously conserved.
The bicipitoradial bursa was excised, leaving a well-
demarcated biceps footprint. Each radius was then disar-
ticulated with the biceps en bloc and rigidly fixed in
a custom-made jig. The radius and the shape of the
biceps footprint were digitized using a FaroArm Platinum
measurement arm (FARO, Lake Mary, FL) mounted with
a 2-mm ball probe (Renishaw, Gloucestershire, United
Kingdom). According to the manufacturer (FARO), the
reported accuracy of the digitizing stylus is š0.029 mm.
Three-dimensional inspection computer software was used
to register and analyze the data (Qualify version 12,
Geomagic, Research Triangle Park, NC) (Fig. 1). The
maximum length, maximum width, and surface area of
the footprint were measured using the computer software.
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FIGURE 1 The cadaveric biceps insertion and its digitized counterpart.

TABLE 1 Comparison of biceps dimensions by gender

Mean Length
(SD) (mm)

Median
Length (mm)

Mean
Width (mm)

Median
Width (mm)

Mean
Area (mm2)

Median
Area (mm2)

Males (n D 6) 25.2 (š2.1) 24.9 10.9 (š2.8) 10.7 227.4 (š65.7) 216.2
Females (n D 6) 23.0 (š2.2) 22.7 11.3 (š2.4) 10.5 210.7 (š55.7) 203.8

SD, standard deviation; n, number of bilateral specimens.

The soft tissue status of the muscle insertions and shape
of the footprints were qualitatively described.

Results

There were 12 cadavers, 24 specimens (12 right and
12 left sided). There were six male and six female
donors. The mean age was 81.3 (range, 68–92 years).
The mean footprint length was 24.1 š 2.4 mm, the mean
maximum width was 11.1 š 2.6 mm, and the mean area
was 219.0 š 60.2 mm2. Tables 1 and 2 demonstrate

a breakdown of the results by gender and side,
respectively.

The biceps footprints were also qualitatively described,
with respect to the tendinous or nontendinous mate-
rial present and the shape of the footprint attached to
the radial tuberosity. Avascular, fragile, white connective
tissue fibers consistent with fibrosis were grossly evident
in 11 (seven females, four males) out of the 24 speci-
mens at the lateral side of the insertion (Fig. 2). Twelve
footprints were described as most closely resembling
an ovoid, nine were described as crescent or C-shaped,
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TABLE 2 Comparison of biceps dimensions by side

Mean Length
(SD) (mm)

Median
Length (mm)

Mean
Width (mm)

Median
Width (mm)

Mean
Area (mm2)

Median
Area (mm2)

Right (n D 12) 23.8 (š2.1) 24.2 10.5 (š2.5) 10.2 208.1 (š60.1) 196.3
Left (n D 12) 24.3 (š2.7) 24.5 11.8 (š2.6) 11.2 230.0 (š60.8) 230.0

FIGURE 2 Nontendinous, white, avascular connective tissue at the base of the footprints was grossly evident in a high percentage (46%)
of specimens.

and three had other shapes of irregular oblong contours
(Fig. 3).

Discussion

The purpose of this study was to qualitatively and
quantitatively describe the insertional footprint of the
distal biceps insertion. As expected, our results indi-
cate that the biceps footprint is significantly longer in
men than in women. Kulshreshtha et al. also found that
males had a longer biceps footprint when compared with

females (6). The maximum width and area, however,
were not found to be considerably different in our study.
Although these results may seem counterintuitive at first,
closer examination of the footprints reveals variability in
the shape among the various cadavers (Fig. 3). The shape
of the biceps footprint has been described previously as
semilunar or C-shaped (2, 6), ribbon-shaped (5), crescent-
shaped (4), and oval-shaped (3). We were not able to
describe all footprints under one unified form. We found
a combination of previously described shapes including
ovoid, crescent, or C-shaped and other less-defined oblong
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FIGURE 3 This figure demonstrates the shape differences of the biceps footprints: (A and B) ovoid; (C–E) C-shaped or crescent-shaped;
(F) irregular and oblong.

shapes. It appears that this variability was at least partly
responsible for the differences observed when comparing
the width and areas of the footprints. The mean length,
width, and area of the footprints were consistently higher
in left-sided insertions. Although one may be tempted to
link these trends to hand dominance with exertion causally
to degenerative partial tears (10), the lack of informa-
tion on hand dominance, symptoms, and activities of each
donor limited a more detailed analysis of side-specific
differences.

Another qualitative observation was that in a large
proportion of donors, there was a high degree of avas-
cular, fragile, white connective tissue fibers, consistent
with fibrosis or scar tissue formation. Fibrosis or scarring
was identified by naked eye examination in 11/24 speci-
mens (46%) (Fig. 2). During data acquisition with the ball
probe, the area of fibrotic tissue was mapped as part of
the footprint; however, the fibrotic tissue adhered loosely
to the bone and its extent varied between different spec-
imens. We deduce, therefore, that the underlying fibrotic
tissue also played a role in the variability of the observed
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TABLE 3 Comparison of dimensions of biceps footprint

Study
Biceps

Length (mm)
Biceps

Width (mm)
Footprint

Area (mm2)

Number of
Specimens
and Gender

Mean
Age

(years)
Data Acquisition

and Analysis

Athwal et al. (1) 21 (17–25) 7 (6–10) 108 (81–135) 15: 7 male, 8
female

78 Calipers and acetate
grid sheet

Cho et al. (2) 20.5 š 2.0 9.7 š 1.3 156.3 š 29.4 25: 14 male,
11 female

69 Calipers and acetate
grid sheet

Jobin et al. (3) N/A N/A 259 š 87 18: 16 male, 2
female

62 3-Dimensional digitizer
and computer
software

Forthman et al. (4) 21.5 š 2.3 7.1 š 2.8 N/A 30: gender N/A N/A Digital micrometer
Mazzocca et al. (5) 14 š 2 2 š 0.3 N/A 18 cadavers:

gender N/A
N/A Digital calipers

Kulshreshtha et al. (6) Right 19.3 š 3.3 N/A N/A 74: 33 male,
41 female

80 Calipers

Left 19.4 š 3.8
Current Study 23.1 š 2.4 11.1 š 2.6 219.0 š 60.2 24: 12 male,

12 female
81 3-Dimensional digitizer

and computer
software

N/A, not available.

area. The scar presence occurred almost exclusively in
the portion of the footprint lateral (radial aspect) to the
tuberosity. The most ulnar insertions on the elevated part
of the radial tuberosity appeared healthy and were consis-
tently solidly attached to the tuberosity.

Bourne and Morrey were the first to report partial
tears of the distal biceps in 1991 (7). Since that time,
several reports on this topic have been published (11–15).
The term partial biceps rupture remains controversial and
confusing, however, primarily because this label does
not distinguish an acute partial detachment from chronic
degenerative changes (8). In part, the confusion stems
from a lack of reliable diagnostic tools (16) and because
the pathology and natural history of confounding biceps
tendinopathy is poorly understood (8, 9). To avoid misper-
ceptions, Hobbs et al. proposed the need for better defini-
tions and improved diagnostics for both biceps tendinosis
and “acute partial distal biceps tendon tear” (8).

Jockel et al. studied distal biceps tendon tears in 15
women and found a high incidence of partial tears (10).
The majority of patients had an advanced age at presen-
tation and an insidious onset of symptoms. The authors
suggested that distal biceps tendon tears in women were
predominantly secondary to a degenerative etiology, rather
than a clearly defined acute injury. The fact that most
partial tears are unrelated to a traumatic event may impli-
cate tendinitis or tendinosis in the pathophysiology of
disease. Degenerative changes were highly prevalent in
the elderly donors observed in our current study, and we
believe that chronic subclinical tears in the biceps occur
in a relatively high proportion of older subjects, similar
to elderly patient populations that experience chronic
subclinical tears in the muscles of the rotator cuff (17,
18). In general, enthesopathies tend to be self-limiting

illnesses, and if the latter concepts prove accurate for distal
biceps tendinopathy, the self-limiting nature of the disease
would preclude the need for surgical intervention.

Several points should be raised regarding the method-
ological limitations of this study. First, the total number
of samples was relatively small. Second, this is a cadav-
eric study where soft tissue is inherently subjected to the
wear and tear of dissection. However, we were able to
directly observe and measure the soft tissue structures and
avoid methodological artifacts, using magnetic resonance
imaging, for instance (16). Third, the biceps insertion was
mapped as one unified footprint, but it has been shown that
the long and short heads insert as two distinct bundles on
the radial tuberosity in a high proportion of individuals (1,
2, 19). When comparing the data from this study to other
reports, our measurements, particularly the area, seem to
be on the higher end of the results spectrum (Table 3).
The variations observed within studies may be related to
differences in specimens, ethnicity, and differences in the
techniques of data acquisition and analysis. Finally, the
connective tissue was not studied microscopically, which
raises questions about the true nature of the soft tissue
that we considered, based on macroscopic observation of
degenerative fibrotic tissue.

The distal footprint of the biceps brachii was quantita-
tively and qualitatively described and, in a high percentage
of cadaveric specimens, observations consistent with age-
related chronic, degenerative changes were made. Future
research should probably focus on improving our under-
standing of the natural history of tendinopathies and
biceps tendinopathy in particular. Population-based studies
screening large numbers of middle-aged and senior symp-
tomatic and asymptomatic individuals may shed light
on the prevalence of biceps tendinosis or partial tendon
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detachment, just as it has for subclinical rotator cuff
tears (17, 18).
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