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Background: Biceps tenodesis using an interference screw has been commonly performed in clinical
practice because of pathologic changes. Especially, the tenodesis distal to the bicipital groove, such as
suprapectoral tenodesis (SPT) and subpectoral tenodesis (SBT), has been performed to avoid residual
anterior shoulder pain. However, the techniques were developed based on research tested on Western
population, and it is unknown whether they are applicable to Asian individuals, who have a smaller
humerus than Western. The purpose of this study was to investigate the anatomic limitations of the
biceps tenodesis using an interference screw for Asians.
Methods: We analyzed 22 fixed Japanese cadavers. We measured the length of the suprapectoral
tenodesis zone (STZ), which is the area from the distal end of the lesser tuberosity to the proximal border
of the insertion of the pectoralis major muscle tendon (PMMT) along the course of the biceps tendon, for
the SPT. We also measured the bone tunnel depths (BTDs) for the SPT just distal to the lesser tuberosity
along the course of the biceps tendon and, similarly, for the SBT just distal to the PMMT insertion. Finally,
we analyzed the sexual differences and correlations of the measured values with the entire humeral
length.
Results: In 9 shoulders (40.9%), the proximal border of the PMMT insertion was attached more proxi-
mally than the distal end of the lesser tuberosity, and the length of the STZ was negative. The mean BTDs
in the SPT and SBT zones were 19.6 and 14.9 mm, respectively. In 11 shoulders (50%), the BTD in the SBT
zone was shorter than 15 mm. The lengths of the STZ or BTDs in the SPT and SBT zones did not show
statistical differences between sexes and were not correlated with the entire humeral length.
Conclusion: Asian patients would have anatomic limitations as follows for the biceps tenodesis
regardless of their sex or body size. In anomalous PMMT cases, when the SPT was performed just
proximal to the PMMT insertion, the bone tunnel entered into the bicipital groove. On the other hand,
when the SPT was performed distal to the lesser tuberosity, a part of the PMMT insertion would be
injured. Regarding the SBT, an interference screw with a length of �12 mm, which is commonly used in
Western countries, is too long for Asians.

© 2020 The Author(s). 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/).
The long head of the biceps tendon (LHBT) is recognized as a Several studies have recommended that the tenodesis should be

common source of anterior shoulder pain due to idiopathic
degeneration, instability of the LHBT, or superior labral detachment
anterior and posterior (SLAP) lesions.3,11,13e15,17,18,21,24,26,28 If con-
servative treatments, such as medication and physical therapy, fail,
the LHBT tenodesis is likely to be performed, especially in active
and young patients.13,14,25,26,28
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performed distal to the bicipital groove, because the tenodesis at
the articular margin or within the bicipital groove is likely to
occur residual postoperative anterior shoulder pain owing to
persistent tenosynovitis.5,6,11,12,14,15,17,21,23 The tenodesis distal to
the bicipital groove has been performed in the suprapectoral
position,3,18,19,25,26,28 subpectoral position,13,14,18,19,25,26,28 and
others.22,24,28 Moreover, several studies have reported that the
tenodesis using an interference screw had biomechanical strengths
equal to or higher than those of tenodesis using other fixation
techniques.1,7,18,27 As a result, the suprapectoral tenodesis and
subpectoral tenodesis (SPT and SBT, respectively) using an inter-
ference screw have been widely performed in clinical
practice.3,11,13e15,26,28
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Figure 1 (A) The anterior view of the bicipital groove in the right proximal humerus.
The border between the posterior (*) and anterior (**) laminae of the PMMT insertion
is shown as a red dotted line. The STZ was the appropriate area for the SPT and defined
as the distance from the distal end of the lesser tuberosity to the proximal border of
the insertion of the posterior lamina along the course of the LHBT. The ESTZ was
similarly defined as the distance from the distal end of the lesser tuberosity to the
proximal border of the insertion of the anterior lamina. The mono-cortical bone tun-
nels were created just distal to the lesser tuberosity along the course of the LHBT for
the SPT and, similarly, just distal to the PMMT insertion for the SBT. (B) The ante-
romedial view of the same humerus as in panel A. The PMMT insertion was reflected.
The distal end of the lesser tuberosity (white arrow) and proximal border of the
insertion of the posterior lamina of the PMMT (white arrowhead) are shown. LHBT, long
head of the biceps tendon; PMMT, pectoralis major muscle tendon; STZ, suprapectoral
tenodesis zone; ESTZ, expansive suprapectoral tenodesis zone; SPT, suprapectoral
tenodesis; SBT, subpectoral tenodesis.
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Surgical techniques of the SPT and SBT using an interference
screw were based on Western patients,3,11,17 and it has not been
proved whether they could be applied in Asian individuals with a
smaller humerus,2,10 who may not have sufficient fixation area or
humeral thickness.

Our study aimed to evaluate the anatomic limitations of the SPT
and SBT using an interference screw in Japanese fixed cadavers.

Materials and methods

This study was approved by our Institutional Review Board. We
used 23 Japanese cadavers for the study. The cadavers were
embalmed using the modified Bradbury and Hoshino method,
which used a solution of 50% ethylene glycol, 39% methanol, 8%
formalin, 2% phenol, and 0.2% Cell Conditioner embalming fluid
(Champion Co., Ltd., Springfield, OH, USA).4 No individual infor-
mation was available, including prior shoulder problems.

We removed the skin, subcutaneous tissues, and deltoid muscle
around the shoulder. The pectoralis major muscle tendon (PMMT)
was visualized and cut approximately 30 mmmedial to its humeral
insertion. We then carefully removed other soft tissues to disar-
ticulate the glenohumeral joint. Subsequently, we identified the
distal end of the bicipital groove, where the steep slope of the lesser
tuberosity became more gradual. Additionally, we observed the 2
separated layers in the PMMT insertion, which included the ante-
rior lamina originating from the clavicle and upper sternum, and
the posterior lamina originating mainly from the sternum and
attaching more proximal to the anterior lamina (Fig. 1, A), as pre-
viously reported.8,9,16,29

One shoulder was excluded because of a partial tear of the
PMMT insertion, and 22 shoulders (13 male and 9 female speci-
mens; 10 right and 12 left shoulders; the mean age 85.9 years
[range, 52-101 years]) were examined in this study.

Regarding the SPT, we defined the suprapectoral tenodesis zone
(STZ) according to a previous study17 as the appropriate area for the
SPT from the distal end of the lesser tuberosity to the proximal
border of the insertion of the posterior lamina of the PMMT along
the course of the LHBT (Fig. 1, A and B). We measured the length of
the STZ with a digital caliper (Digital Nogisu 300 mm; Niigata Seiki,
Niigata, Japan) (resolution, 0.02 mm). Additionally, we similarly
defined the expansive STZ (ESTZ) as the area from the distal end of
the lesser tuberosity to the proximal border of the insertion of the
anterior lamina of the PMMT (Fig. 1, A) and measured its length.

For both SPT and SBT using an interference screw, the mono-
cortical bone tunnels were created with a drill of 6.0 mm diameter.
The locations of the bone tunnels were just distal to the lesser tu-
berosity along the course of the LHBT for the SPT and, similarly, just
distal to the PMMT insertion for the SBT (Fig. 1, A). The bone tunnel
depth (BTD) of each tunnel was measured with a digital depth
gauge (digital depth gauge mini, 25 mm; Shinwa Sokutei, Niigata,
Japan) (resolution, 0.2 mm).

In addition, as an indicator of the body size, we measured the
entire humeral length (EHL), which is the distance from the prox-
imal end of the greater tuberosity to the most lateral end of the
lateral epicondyle.

Statistical analysis

Means and standard deviations were calculated for the EHL,
lengths of the STZ and ESTZ, and BTDs in the SPT and SBT zones. We
used theWilcoxon rank sum test to compare themean values of the
EHL, lengths of the STZ and ESTZ, and BTDs in the SPTand SBT zones
between sexes and to compare the mean values of the BTDs be-
tween the SPT and SBT zones. In addition, we used the Spearman
rank correlation to examine the correlations between the EHL and
lengths of the STZ and ESTZ, or BTDs in the SPT and SBT zones. All
tests were considered statistically significant if the P values were
<.05.

All measurements were performed by one examiner. The
examiner made the same measurements twice with an interval of
at least 1 week. A total of 4measurements were carried out, and the
values were averaged. The intraclass correlation coefficients be-
tween 4 separate measurement times of the same observer were
0.95, 0.79, 0.78, 0.95, and 0.92 for the EHL, lengths of STZ and ESTZ,
and BTDs in the SPT and SBT zones, respectively.

The intraclass correlation coefficients were analyzed using R
version 3.3.1 (R Foundation, Vienna, Austria), and the other data
were analyzed using JMP, version 14.3. (SAS Institute Inc, Cary, NC,
USA).

Results

The proximal border of the insertion of the posterior lamina of
the PMMT was attached more proximally than the distal end of the
lesser tuberosity in 9 of 22 shoulders (40.9% [5 male and 4 female
specimens]; Fig. 2, A and B). In such anomalous cases, the lengths of
the STZ were accordingly defined as negative values. Similarly, the
proximal border of the insertion of the anterior lamina of the PMMT
was attached more proximally than the distal end of the lesser
tuberosity in 2 shoulders (9.1% [1 male and 1 female specimen]),
and the lengths of their ESTZ showed negative values. The lengths
of the STZ and ESTZ are demonstrated in Table I and Fig. 3 (STZ: 1.2
± 8.3 mm, ESTZ: 13.2 ± 7.2 mm).

The BTDs in the SPT and SBT zones are shown in Table I (SPT:
19.6 ± 1.9 mm, SBT: 14.9 ± 1.6 mm). The BTD in the SPT zone was
significantly longer than that in the SBT zone (P < .01). In the SPT



Figure 2 (A) An example of the anomaly, with the anterior view of the bicipital groove
in the right proximal humerus. The proximal border of the insertion of the posterior
lamina of the PMMT ascended and passed over the lesser tuberosity. The border be-
tween the posterior (*) and anterior (**) laminae is shown as a red dotted line. (B) The
anteromedial view of the same humerus as in panel A. The PMMT insertion was re-
flected. The proximal border of the insertion of the posterior lamina of the PMMT
(white arrowhead) was attached more proximally than the distal end of the lesser
tuberosity (white arrow). In such anomalous cases, the length of the STZ was defined as
negative. PMMT, pectoralis major muscle tendon; STZ, suprapecoral tenodesis zone.
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zone, no shoulders had BTDs <15 mm, 5 of 22 shoulders (22.7% [2
male and 3 female specimens]) had BTDs <18 mm, and 12 shoul-
ders (54.5% [7 male and 5 female specimens]) had BTDs <20 mm
(Fig. 4). On the contrary, in the SBT zone, 11 shoulders (50% [5 male
and 6 female specimens]) had BTDs <15 mm and 20 shoulders
(90.9% [11 male and 9 female specimens]) had BTDs <18 mm
(Fig. 4).

There were no statistically significant differences between sexes
in the lengths of the STZ and ESTZ or BTDs in the SPT and SBT zones
(P > .05), although statistically significant differences were found in
the EHL (P < .001) (Table I). Moreover, there were no correlations
between the EHL and lengths of the STZ and ESTZ or BTDs in the SPT
and SBT zones (Table II).

Discussion

Our study aimed to evaluate the anatomic limitations in relation
to the SPT and SBT using an interference screw in 22 Japanese fixed
cadaveric shoulders, with humerus smaller than those of Western
patients.2,10 We demonstrated 3 important findings. First, the
proximal border of the insertion of the posterior lamina of the
PMMT was attached more proximally than the distal end of the
lesser tuberosity in 9 shoulders (40.9%). As a result, when the SPT
Table I
Anatomically measured values in the LHBT tenodesis

Total, mean ± SD (n ¼ 22) Male, mean ± SD (n ¼
Length of STZ, mm 1.2 ± 8.3 2.1 ± 8.7
Length of ESTZ, mm 13.2 ± 7.2 15.1 ± 7.0
BTD in SPT zone, mm 19.6 ± 1.9 19.9 ± 2.1
BTD in SBT zone, mm 14.9 ± 1.6 15.2 ± 1.9
EHL, mm 271.7 ± 16.1 282.2 ± 6.2

LHBT, long head of biceps tendon; STZ, suprapectoral tenodesis zone; ESTZ, expansive supr
subpectoral tenodesis; EHL, entire humeral length.

* Statistically significant (P < .001).
was performed just proximal to the insertion of the posterior
lamina of the PMMT in these shoulders, the bone tunnel entered
into the bicipital groove. In contrast, when the SPT was performed
distal to the lesser tuberosity, a part of the PMMT insertion, mainly
posterior lamina, would be injured. Second, 11 shoulders (50%) had
BTDs <15 mm in the SBT zone, suggesting that an interference
screw with a length of �12 mm, which is commonly used in
Western countries and requires a BTD of �15 mm,11,13,14,20 is too
long for Asian patients. Third, there were no significant differences
in the lengths of the STZ and ESTZ or BTDs in the SPT and SBT zones
between sexes. In addition, the EHL had no correlation to any items
described above either. These results suggested that the lengths of
the STZ and ESTZ or BTDs in the SPT and SBT zones do not depend
on the patients' sex or apparent body size.

In our study, the length of the STZ of the Japanese cadavers was
1.2 ± 8.3 mm. In a previous Western cadaveric study, Neviaser
et al17 reported that the mean length of the STZ was 29.6 mm
(range, 15.4-44.0 mm) in 12 shoulders. The large discrepancy be-
tween the results would be explained as the difference in the
anatomic landmark for measurements. In both studies, the defini-
tion of the distal end of the bicipital groove appeared the same, but
the interpretation of the proximal border of the PMMT insertion
might be different; the quality of the proximal border of the PMMT
insertion is thin and wide tendon tissues (Figs. 1 and 2).8,9,29

Neviaser et al17 might thus regard only the insertion of the ante-
rior lamina of the PMMT as the proximal border of the PMMT
insertion. In this situation, the length of the STZ should be equiv-
alent to the length of the ESTZ in our study. Nevertheless, there is
still an unneglectable difference in the results, as the length of the
ESTZ in our study was 13.2 ± 7.2 mm, which was much shorter than
Neviaser et al's STZ length.17 With respect to the results of both
observations, further studies and discussions are necessary.

We showed that the proximal border of the insertion of the
posterior lamina of the PMMT was attached more proximally than
the distal end of the lesser tuberosity in 9 shoulders (40.9%). When
the SPT was performed just proximal to the insertion of the pos-
terior lamina of the PMMT in these shoulders, the bone tunnel
entered into the bicipital groove. Taking into consideration the
diameter of an interference screw, keeping the bone tunnel distal to
the bicipital groove could be difficult in a large number of cases.
According to several studies, the LHBT tenodesis at the articular
margin or within the bicipital groove is likely to occur residual
postoperative anterior shoulder pain owing to persistent
tenosynovitis.5,6,11,12,14,15,17,21,23 Therefore, the SPT just proximal to
the insertion of the posterior lamina of the PMMTmay be a cause of
persistent anterior shoulder pain. On the other hand, when the SPT
was performed just distal to the lesser tuberosity, a part of the
PMMT insertion, mainly posterior lamina, would be injured. The
proximal part of the insertion of the posterior lamina, however,
mostly consists of thin tendinous tissue,8,9,29 and it seems to only
play a limited role in the stabilization of the total PMMT insertion.
Thus, it might not be so critically important in a clinical viewpoint.
13) Female, mean ± SD (n ¼ 9) Difference between sexes, P value

0.0 ± 8.1 .14
10.3 ± 6.8 .08
19.1 ± 1.8 .46
14.5 ± 1.1 .46

256.5 ± 13.5 <.001*

apectoral tenodesis zone; BTD, bone tunnel depth; SPT, suprapectoral tenodesis; SBT,



Table II
Correlations between the EHL and the lengths of the STZ and ESTZ or BTDs in the SBT
and SBT zones

P value Correlation coefficient

Length of STZ .71 �0.08
Length of ESTZ .36 0.21
BTD in SPT zone .47 0.16
BTD in SBT zone .88 0.04

EHL, entire humeral length; STZ, suprapectoral tenodesis zone; ESTZ, expansive
suprapectoral tenodesis zone; BTD, bone tunnel depth; SPT, suprapectoral tenodesis;
SBT, subpectoral tenodesis.

Figure 3 The distribution of the lengths of the STZ and ESTZ. In 9 shoulders, the length
of the STZ had a negative value because the proximal border of insertion of the pos-
terior lamina of the PMMT was attached more proximally than the distal end of the
lesser tuberosity. Similarly, in 2 shoulders, the length of the ESTZ was negative because
the proximal border of insertion of the anterior lamina of the PMMT was attached
more proximally than the distal end of the lesser tuberosity. STZ, suprapectoral
tenodesis zone; ESTZ, expansive suprapectoral tenodesis zone; PMMT, pectoralis major
muscle tendon.
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Nevertheless, further investigations focusing on the clinical effect
of the minor injuries in the PMMT insertion will be needed.

In our study, the BTD in the SBT zone was 14.9 ± 1.6 mm, and 11
shoulders (50%) had BTDs shorter than 15mm. On the other hand, a
previous clinical study from a Western country reported that the
BTD in the SBT zone was 17.5 mm (range, 10-23 mm), and only 4 of
66 shoulders (6%) had BTDs shorter than 15 mm.14 Our study
demonstrated obviously shorter BTDs and a higher frequency of
BTDs <15mm. In the SBT zone, interference screws with a length of
�12 mm, which are commonly used in Western countries and
require BTDs of �15 mm,11,13,14,20 would be too long for Asian pa-
tients. Moreover, it could lead to persistent anterior shoulder pain
and fixation failure owing to the formation of a proud screw head
and insufficient strength fixation, respectively,14,20 in Asian pa-
tients. Thus, it would be safer to avoid using an interference screw
for the SBT.

Unexpectedly, our study did not show a statistically significant
difference in the lengths of the STZ and ESTZ or BTDs in the SPT and
SBT zones between sexes, although significant differences were
found in the EHL. Moreover, there were no correlations between
the EHL and the lengths of the STZ and ESTZ or BTDs in the SPT and
SBT zones. These results suggested that it is difficult to determine
based on the patients' sex or apparent body size only whether a
patient has the sufficient lengths of the STZ and ESTZ or BTDs in the
SPT and SBT zones. On the other hand, our study showed several
anatomic limitations of the tenodesis for Asian people, who have a
smaller humerus compared to Western patients.2,10 These
Figure 4 The distribution of the BTDs in the SPT and SBT zones. No shoulders had BTDs
shorter than 15 mm in the SPT zone, but there were 11 shoulders (50%) with BTDs
shorter than 15 mm in the SBT zone. BTD, bone tunnel depth; SPT, suprapectoral
tenodesis; SBT, subpectoral tenodesis.
differences in our results suggested that the anatomic limitations
for Asian people might be caused by the racial differences between
Asians and Westerns, not be caused by the body size differences.
However, this finding is inconclusive, and further studies and dis-
cussions are necessary. Clinically, preoperative computed tomog-
raphy (CT) should be performed to measure the expected BTD to
avoid the formation of a proud screw head and insufficient strength
fixation in Asian patients, regardless of their sex and body size.

Based on the results, the following recommendations should be
considered when performing the LHBT tenodesis using an inter-
ference screw in Asian patients. It would be safer to select the SPT,
as the BTD in the SBT zone could be too short. In the SPT, it would be
better to perform the tenodesis just distal to the lesser tuberosity to
avoid the screw from entering into the bicipital groove under the
limited length of the STZ. In addition, obtaining a preoperative CT
scan would be mandatory to determine the sufficient BTD for the
tenodesis device.

There were 2 limitations in this study. First, the mean age of the
specimens was 85.9 years (range, 52-101 years), although the LHBT
tenodesis is likely to be performed in young patients. The anatomic
features investigated in this study were unchanging with age, and
the results that we have obtained should be applicable to younger
generations. Second, the demographic data of the cadavers, such as
the height, body weight, and BMI, were not available. Wemeasured
the EHL as an indicator of the body size instead of these data.

Conclusion

Asian patients would have anatomic limitations as follows for
the biceps tenodesis regardless of their sex or body size. When the
SPT was performed just proximal to the PMMT insertion, the bone
tunnel may enter into the bicipital groove. On the other hand, when
the SPT was performed distal to the lesser tuberosity, a part of the
PMMT insertion may be injured. Regarding the SBT, an interference
screw with a length of �12 mm, which is commonly used in
Western countries, is too long for Asians.
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