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Histological Changes in Biceps Muscle after Tenotomizing the Biceps
Long Head in a Rat Model

Ha-Jung Song, Jun-Young Heu, Hyun Seok Song™

Department of Orthopedic Surgery, St. Paul’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea

Background: Popeye deformity is common after rupture of the biceps muscle’s long head tendon. Herein, we report on histological
changes in biceps brachii muscles following tenotomy of the long head biceps tendon.

Methods: Twelve Sprague-Dawley rats (12-week-old) underwent tenotomy of the long head biceps tendon in the right shoulder. At
postoperative weeks 4, 7, and 10, the operative shoulders were removed by detaching the biceps brachii muscle from the glenoid
scapula and humerus; the opposite shoulders were removed as controls. H&E staining was performed to elucidate histological changes
in myocytes. Oil-red O staining was performed to determine fatty infiltration. Myostatin antibody immunohistochemistry staining was
performed as myostatin is expressed by skeletal muscle cells during myogenesis.

Results: H&E staining results revealed no changes in muscle cell nuclei. There were no adipocytes detected. Compared with that of the
control biceps, the cross-sectional area of the long head biceps was significantly smaller (p=0.00). Statistical changes in the total extent of
the 100 muscle cells were significant (p=0.00). Oil-red O staining revealed no fatty infiltration. Myostatin antibody immunohistochemi-
cal staining revealed no significant difference between the two sides.

Conclusions: Muscular changes after tenotomy of the long head biceps included a decrease in the size of the individual muscle cells
and in relative muscle mass. There were no changes observed in muscle cell nuclei and no fatty infiltration. Moreover, there were no
changes detected by myostatin antibody immunohistochemistry assay.

(Clin Shoulder Elbow 2018;21(2):87-94)
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Introduction

Shoulder pain is a common medical problem and may lead
to an inability to carry out daily living-activities. Luime et al."
reported that shoulder pain was present in approximately 14.7
persons per 1,000 persons per year in a primary care unit,
whereas lifetime prevalence of shoulder pain was approximately
70% of the general population. In that review, the most com-
mon reported cause of shoulder pain was rotator cuff disease."”

Due to its anatomical location and its long, oblique course
in the shoulder joint, the biceps long head tendon is a frequent
source of disorders associated with other shoulder pathologies,

especially rotator cuff tear.”” Murthi et al.” reported that the
incidence of biceps pathology in patients is as high as 63% with
rotator cuff disease, and Chen et al.” reported that a normal
biceps long head tendon is observed in only 24% of patients
with rotator cuff tears. Alpantaki et al.” identified sympathetic
and sensory neural elements in the long head biceps tendon by
applying immunohistochemical stains and indicated that those
elements act as a major source of shoulder pain. Some studies
have suggested that the outcome of a rotator cuff repair can be
compromised if a concomitant biceps lesion is left untreated.””
Problems associated with the biceps long head tendon may
be placed in four groups. The first includes tenosynovitis and
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tendinitis due to degeneration of the tendon; the second in-
volves tendon rupture caused by the progressive development of
tendinitis; the third includes instability and dislocation caused by
failure of the stabilizing process of the biceps pulley; the fourth
and final problem involves rupture of the insertional portion of
the tendon, often occurring in relatively young patients and/or
those involved in sports activities.

The so-called Popeye deformity can be caused by distal
movement of the ruptured biceps long head tendon. There
were several reports indicating that the Popeye deformity pro-
duces cosmetic complaints, cramping, spasmodic pain, reduc-
tion of elbow flexion powers, and supination of the forearm.”""
However, there are no known reports on the pathogenesis of
symptoms and histological changes that occur following the de-
velopment of a Popeye deformity.

Research into the degeneration of the muscles of the shoul-
der has primarily focused on atrophy and fatty infiltration of the
supraspinatus and infraspinatus muscles associated with chronic,
massive rotator cuff tears. Moreover, there are reports that previ-
ously developed fatty infiltrations were irreversible even though
the massive rotator cuff tear was repaired."'” Previous research
into the biceps long head tendon has been primarily related to
describing specific techniques for surgical treatment and pre-
senting subjective outcomes of patients after treatment. Unfor-
tunately, there is an absence of reports on differences between
such surgeries and describing good and bad clinical outcomes in
patients.

Thus, the authors formed a hypothesis that atrophy and fatty
infiltration occur after rupture of the biceps long head tendon.
To investigate that hypothesis, we established a Popeye defor-
mity animal model and evaluated the histological changes in
muscle cells after tenotomy of the biceps long head tendon in
the rat model.

Fig. 1. Image showing tenotomized biceps long head tendon (arrow) at the
bicipital groove (arrowhead) of a rat.
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Methods

The study was approved by the Institutional Animal Care and
Use Committee of The Catholic University of Korea (No. PSPH-
20130923-01).

Experimental Subjects and Procedure

The animal experiments were performed on 12-week-old
Sprague-Dawley rats. The study was designed to compare histo-
logical differences in the biceps muscle cells of groups of rats at
4, 7, and 10 weeks after tenotomy of biceps long head tendon.
The 4-, 7-, and 10-week assessment groups were each assigned
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Fig. 2. Screen capture of Image ] program showing microscope-based mea-
surement of biceps muscle cross-sectional area. The area within the bold dot-
ted line includes 100 muscle cells.

Fig. 3. Popeye deformity of biceps muscle after tenotomy (left) and a normal
appearing biceps muscle (right) (arrows: biceps long head tendon, arrow-
heads: biceps short head tendon).
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four rats. For all rats, the right shoulder was set as the experi-  Surgical Technique
mental side and the left shoulder was set as the control side. After inhalation-based anesthesia, a longjtudinal skin incision
was made along the long axis of the humerus and the biceps

Fig. 4. H&E staining of biceps muscles from experimental and control shoulders (x200). (A) Experimental shoulder at 4 weeks after surgery. (B) Control shoul-
der at 4 weeks after surgery. (C) Experimental shoulder at 7 weeks after surgery. (D) Control shoulder at 7 weeks after surgery. (E) Experimental shoulder at 10
weeks after surgery. (F) Control shoulder at 10 weeks after surgery.
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long head tendon was exposed at the bicipital groove while  was closed and sutured. Gentamicin (5 mg/kg) and ketoprofen
preserving the deltoid muscle. Tenotomy was performed at the (5 mg/kg) were administered as a prophylactic antibiotic and for
proximal level of the bicipital groove (Fig. 1). After identification ~ postoperative pain control, respectively.

of the retracted stump at the distal cutting edge, the skin incision After the surgery, rats were maintained without constraints

Fig. 5. Oil-red O staining of biceps muscles from experimental and control shoulders (x200). (A) Experimental shoulder at 4 weeks after surgery. (B) Control
shoulder at 4 weeks after surgery. (C) Experimental shoulder at 7 weeks after surgery. (D) Control shoulder at 7 weeks after surgery. (E) Experimental shoulder at
10 weeks after surgery. (F) Control shoulder at 10 weeks after surgery.
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in a cage. At 4, 7, and 10 weeks after the operation, a group ~ manner and acted as the control sample. After being fixed in
of four rats was euthanatized, and their tenotomized biceps  10% formalin (pH 7.4) for 12 hours, muscle tissue was separated
muscles, as well as the associated tendons, were removed. The  from the other biceps tissues.

biceps muscle from the opposite side was removed in the same
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Fig. 6. Myostatin immunohistochemical staining of biceps muscles from experimental and control shoulders (x100). (A) Experimental shoulder at 4 weeks after
surgery. (B) Control shoulder at 4 weeks after surgery. (C) Experimental shoulder at 7 weeks after surgery. (D) Control shoulder at 7 weeks after surgery. (E) Ex-
perimental shoulder at 10 weeks after surgery. (F) Control shoulder at 10 weeks after surgery.
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Histological Examination

Following tissue sample dehydration using 10% formalin,
muscle tissue samples were embedded in a paraffin block. Sec-
tions were obtained and were subjected to H&E staining to
observe histological changes to myocytes or underwent Oil-red
O staining to identify fatty infiltration. Immunohistochemical
staining for myostatin, which acts as a growth differentiation fac-
tor, was also performed. The myostatin activity level is reduced
when muscular atrophy has occurred.

Measurement of Cross-sectional Area

For this analysis, cross-section muscle samples were exam-
ined under a microscope (Olympus DP 70; Olympus, Tokyo,
Japan) and analyzed by using Toupview software (ToupTek,
Hangzhou, China). The cross-sectional area of 100 muscle cells
was calculated by using Image ] program (National Institutes of
Health, Bethesda, MD, USA). To compare the muscle cell cross-
sectional areas of the experimental and control groups, the sums
of the cross-sectional areas of 100 muscle cells in the biceps long
head and biceps short head of the two groups were determined
(Fig. 2). The ratios of the cross-sectional areas in the short head
biceps and the long head biceps of the two groups were calcu-
lated. All areas were calculated in pixel units.

Statistical Analysis

Statistical analyses were performed by using SPSS Statistics
software ver. 12.0 (SPSS Inc., Chicago, IL, USA), and the statisti-
cal significance level was set at 95%. The Student’s t-test and
one-way ANOVA were used. In addition, the non-parametric
Wilcoxon signed rank, Kruskal-Wallis, and Mann-Whitney tests
were used.

Results

Gross Observations

All right-shoulder, experimental sides revealed retraction of
the biceps long head tendon, distal movement of the central
portion of the biceps muscle, and hypertrophy (Fig. 3).

H&E Stain Results

The H&E staining results revealed an absence of adipocytes
and no morphological changes in the nuclei of the muscle cells
on the experimental side (Fig. 4).

Oil-red O Stain Results
The Oil-red O staining did not reveal fatty infiltration and no
adipocytes were observed on the experimental side (Fig. 5).

Myostatin Inmunohistochemical Stain Results
The myostatin staining results showed no significant differ-
ence in myostatin presence between the right-shoulder experi-
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mental side and the left-shoulder control side (Fig. 6).

Cross-sectional Areas

The ratios of the cross-sectional area of 100 muscle cells in
the biceps long head to that in the biceps short head on the
right (experimental) and left (control) sides were determined.
Student’s t-test results indicated a significantly low ratio on the
experimental side than that on the control side (p=0.00). Simi-
lar results were obtained when the non-parametric Wilcoxon
signed rank test was applied (p=0.02). The non-parametric
Kruskal-Wallis test also showed a lower ratio on the experi-
mental side, but the difference between the two sides was not
significant (p=0.06). The non-parametric Mann-Whitney test
showed significantly lower ratios on the experimental side than
on the control side at 4, 7, and 10 weeks after surgery (p=0.043).
All rats in the 4-, 7-, and 10-week assessment groups had lower
biceps long head cross-sectional areas than biceps short head
cross-sectional areas on the tenotomized side (Fig. 7).

Compared to the control side, the ratio of the cross-sectional
area of the biceps long head and that of the biceps short head
was significantly lower on the experimental side (based on
paired Student’s t-test and Wilcoxon signed rank test results
(p=0.00).

Discussion

Interestingly, muscle atrophy and fatty infiltration following
the tenotomizing of the biceps long head tendon, which were
hypothesized for this study, were not observed. However, all rats
that underwent the tenotomy grossly exhibited the Popeye de-
formity.

The biceps brachii muscle has two origins; the short head
originates from the coracoid process and the long head origi-
nates from the supraglenoid tubercle and glenoid labrum.” Due
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Fig. 7. Graph showing the percentage of 100 myocytes of the biceps long head
muscle compared to 100 myocytes in the biceps short head muscle for each
rat in each of the assessment week groups.
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to its anatomical location and pathway, damage to the biceps
long head tendon can induce shoulder problems, especially
when accompanied by rotator cuff tear, resulting in long-term
shoulder pain. It has been reported that the long head tendon
prevents superior and anterior displacement of the humeral
head, but that remains controversial. The occurrence of the Pop-
eye deformity after a biceps long head tendon tear is reported to
occur in 3% to 63% of cases,""” and prevalence of the Popeye
deformity after failed fixation of biceps long head tears is ap-
proximately 2%."” With the Popeye deformity, symptoms such
as weakened elbow flexion and forearm supination may occur.
Moreover, there are many Popeye deformity patients that have
complained of spastic pain,”"" but the pathogenesis of that pain
has not been fully described.

Muscle contraction followed by tearing of the biceps long
head can be diagnosed grossly (e.g., the Popeye deformity) by
identifying a mass-like lesion caused by the contracted muscle
on the anteromedial aspect of the humerus. Ultrasonographi-
cally, the biceps long head tendon appears homogeneously
hyperechoic, similar to normal tendons, and longitudinal long
collagen fibers are visible. However, a contracted tendon ap-
pears unevenly hypoechoic with its collagen fibers showing
an irregular pattern. The distal part of a torn biceps long head
may be located distal to the biceps groove. Moreover, magnetic
resonance imaging (MRI) of a torn biceps long head tendon
may show absence of a portion of that tendon from its typical
location, known as the ‘empty groove sign’, and retraction and
atrophic changes to the distal part of the torn tendon can be
Seen.18,19)

Generally, atrophic changes to and fatty infiltration of the
muscle occur after chronic, massive rotator cuff tears. These fea-
tures are detectable through computed tomography, MRI, and/
or pathologic results. However, such fatty infiltration does not
reduce after repair of a torn rotator cuff.'"****"

In this study, an animal model was established by inducing
biceps muscle retraction after tenotomy of the biceps long head
tendon of rat. In that model, postoperative fatty infiltration,
which is seen after a rotator cuff tear, was not observed. Since
the biceps is formed of long head and short head branches, it
is speculated that, after tenotomy of the long head branch, the
short head branch was able to compensate and provide whole
muscle reactions, thereby preventing fatty infiltration. Further
investigation of that speculation is needed.

The rat Popeye deformity animal model is deemed to be
successfully established because all rats undergoing tenotomy in
this study showed the Popeye deformity. However, some human
cases with biceps tendon damage do not show the Popeye’s de-
formity due to auto-tenodesis. In the rat model, retraction of the
cut tendon end beyond the bicipital groove can be confirmed
under direct vision. That creates a notable difference between
some human clinical cases and the rat model.

The results of this study are important as this is the first study
reporting muscle atrophy pathologically by showing reduced
sizes of individual muscle cells and a reduced cross-sectional
area of the long head muscle portion compared to that of the
short head portion. This size difference could be a basis for using
tenodesis to treat a biceps long head tear, which is still contro-
versial between tenodesis and tenotomy. Surgeons who prefer
tenotomy over tenodesis suggest that the clinical outcome of
tenotomy is satisfactory,"****” and that not all of their patients
show the Popeye deformity. They support their assertions by
suggesting the presence of autotenodesis of the biceps long head
at the biceps groove; however, autotenodesis does not occur in
all cases.””

The limitations of this study are that although muscle cell
size was affected, histologic changes after tenodesis were not
detected; thus, further study is needed. Second, the absence of
fatty infiltration, which was one of the hypotheses of this study,
might have been caused by damage to fatty tissue during tissue
dehydration in the process of placing samples in paraffin blocks.
However, if there were dehydrated fat tissues present there
should be empty spaces observed between muscle cells, and no
such spaces were seen in the H&E stained sections. Therefore,
we concluded there was no fatty infiltration.

Conclusion

Muscular changes after tenotomy of the biceps long head
tendon include decreases in the size of individual muscle cells
and a decrease in relative muscle mass. There were no post-
tenotomy changes in muscle cell nuclei and no evidence of fatty
infiltration. Moreover, there were no changes observed following
myostatin antibody immunohistochemical staining.

References

1. Luime JJ, Koes BW, Hendriksen 1, et al. Prevalence and inci-
dence of shoulder pain in the general population; a systematic
review. Scand ) Rheumatol. 2004;33(2):73-81.

2. Ahrens PM, Boileau P. The long head of biceps and associated
tendinopathy. ] Bone Joint Surg Br. 2007;89(8):1001-9.

3. Sethi N, Wright R, Yamaguchi K. Disorders of the long head of
the biceps tendon. J Shoulder Elbow Surg. 1999;8(6):644-54.

4. Murthi AM, Vosburgh CL, Neviaser T). The incidence of
pathologic changes of the long head of the biceps tendon. |
Shoulder Elbow Surg. 2000;9(5):382-5.

5. Chen CH, Hsu KY, Chen W], Shih CH. Incidence and severity
of biceps long head tendon lesion in patients with complete
rotator cuff tears. ] Trauma. 2005;58(6):1189-93.

6. Alpantaki K, McLaughlin D, Karagogeos D, Hadjipavlou A,
Kontakis G. Sympathetic and sensory neural elements in the
tendon of the long head of the biceps. ) Bone Joint Surg Am.

www.cisejournal.org 93



| Clinics in Shoulder and Elbow
| Vol. 21, No. 2, June, 2018

10.

11.

12.

13.

14.

15.

94

2005;87(7):1580-3.

Frost A, Zafar MS, Maffulli N. Tenotomy versus tenodesis in the
management of pathologic lesions of the tendon of the long
head of the biceps brachii. Am J Sports Med. 2009;37(4):828-
33.

Koh KH, Ahn JH, Kim SM, Yoo JC. Treatment of biceps ten-
don lesions in the setting of rotator cuff tears: prospective
cohort study of tenotomy versus tenodesis. Am ] Sports Med.
2010;38(8):1584-90.

Ahmad CS, ElAttrache NS. Arthroscopic biceps tenodesis. Or-
thop Clin North Am. 2003;34(4):499-506.

Romeo AA, Mazzocca AD, Tauro JC. Arthroscopic biceps te-
nodesis. Arthroscopy. 2004;20(2):206-13.

Wolf RS, Zheng N, Weichel D. Long head biceps tenotomy
versus tenodesis: a cadaveric biomechanical analysis. Arthros-
copy. 2005;21(2):182-5.

Kang JR, Cupta R. Mechanisms of fatty degeneration in mas-
sive rotator cuff tears. J Shoulder Elbow Surg. 2012;21(2):175-
80.

Barton ER, Gimbel JA, Williams CR, Soslowsky LJ. Rat supra-
spinatus muscle atrophy after tendon detachment. J Orthop
Res. 2005;23(2):259-65.

Boileau P, Baqué F, Valerio L, Ahrens P Chuinard C, Trojani C.
Isolated arthroscopic biceps tenotomy or tenodesis improves
symptoms in patients with massive irreparable rotator cuff
tears. ] Bone Joint Surg Am. 2007;89(4):747-57.

Walch G, Edwards TB, Boulahia A, Nové-Josserand L, Neyton
L, Szabo I. Arthroscopic tenotomy of the long head of the
biceps in the treatment of rotator cuff tears: clinical and ra-
diographic results of 307 cases. J Shoulder Elbow Surg. 2005;
14(3):238-46.

www.cisejournal.org

16.

17.

18.

19.

20.

21.

22.

23.

24.

Kelly AM, Drakos MC, Fealy S, Taylor SA, O'Brien SJ. Ar-
throscopic release of the long head of the biceps tendon: func-
tional outcome and clinical results. Am J Sports Med. 2005;
33(2):208-13.

Nho SJ, Reiff SN, Verma NN, Slabaugh MA, Mazzocca AD,
Romeo AA. Complications associated with subpectoral biceps
tenodesis: low rates of incidence following surgery. J Shoulder
Elbow Surg. 2010;19(5):764-8.

Klug JD, Moore SL. MR imaging of the biceps muscle-tendon
complex. Magn Reson Imaging Clin N Am. 1997;5(4):755-65.
Tuckman GA. Abnormalities of the long head of the biceps
tendon of the shoulder: MR imaging findings. AJR Am J Roent-
genol. 1994;163(5):1183-8.

Goutallier D, Postel JM, Bernageau J, Lavau L, Voisin MC. Fatty
muscle degeneration in cuff ruptures. Pre- and postoperative
evaluation by CT scan. Clin Orthop Relat Res. 1994;(304):78-
83.

Kim HM, Galatz LM, Lim C, Havlioglu N, Thomopoulos S.
The effect of tear size and nerve injury on rotator cuff muscle
fatty degeneration in a rodent animal model. ] Shoulder Elbow
Surg. 2012;21(7):847-58.

Gill TJ, Mclrvin E, Mair SD, Hawkins RJ. Results of biceps
tenotomy for treatment of pathology of the long head of the
biceps brachii. J Shoulder Elbow Surg. 2001;10(3):247-9.
Szabé |, Boileau P Walch G. The proximal biceps as a pain
generator and results of tenotomy. Sports Med Arthrosc Rev.
2008;16(3):180-6.

Kim SH, Shin SH, Oh JH, Baek GH. Biomechanical and histo-
logical analysis after tenotomy of the long head of the biceps
in the rabbit shoulder model. ] Orthop Res. 2012;30(3):416-
22.



