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Abstract---Introduction: The pectoralis minor muscle originates in the
chest wall's third to fifth ribs and inserts on the medial side of the
Scapula's coracoid process. It aids in scapulothoracic joint abduction
and shoulder downward movement. Since the 19th century, the
aberrant insertion of the pectoralis minor beyond the coracoid process
has been known. Aim of the study: To measure its pooled prevalence
in different populations. Methods: The keywords were generated from
MeSH term database. The keywords were combined with the operator
to form search strategies. Three significant databases PubMed,
Embase, and Google Scholar were used. The data extraction was done
from cadaveric studies. Results: The prevalence of anomalous
insertion of pectoralis minor was reported to be 1.5-34% (per hundred
shoulders in cadaveric dissection in exiting literatures, but its pooled
prevalence was 22% (16-31%) (Per hundred shoulders). According to
Le Double's classification, there were three sorts of variations of
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aberrant tendon insertion. In the literature, the Coracohumeral
ligament and the Supraspinatus are two more common locations for
the implantation of aberrant tendons. Conclusion: During rotator cuff
surgeries, surgeons should be cautious about the pectoralis minor
tendon in the rotator interval.

Keywords---anomalous, ectopic, pectoralis minor, pooled estimate,
prevalence.

Introduction

The pectoralis minor runs from the rib cage to the coracoid process of scapula in
the pectoral region of the thoracic cage, deep to the pectoralis major [1]. It begins
as three fleshy slips on the third, fourth, and fifth ribs' exterior surfaces, close to
their costochondral joints [2]. On the superomedial border of the coracoid process
horizontal portion, the muscle is placed. Various variations in the insertion of the
Pectoralis Minor (PMi) tendon from the coracoid process have been reported as
attaching the different places by exceeding PMi tendon from the coracoid process.
Insertion sites include the coraco-humeral ligament, coracoacromial ligament,
glenoid rim, supraspinatus tendon, glenohumeral joint capsule, and infraglenoid
humeral tubercles [3]. Le Double noticed inconsistencies in the PMi insertion and
divided them into three classes. Type I: The coracoid process is traversed
exclusively by the tendon, which then inserts on the previously indicated places.
Type II: the tendon and a few muscle fibres cross the coracoid process, inserting
on the above-mentioned places. Type III: The entire muscle (not just the tendon)
runs over the coracoid process and is placed at several locations, as previously
mentioned. (Figure 1) [4]. The pooled estimate of prevalence of ectopic insertion of
PMi will be calculated from previous studies.

The three types of variations of the superior att of the is minor muscle as deseribed by Le Double. CAL coracoacromial
ligament, PMI pectoralis minor.

Figure 1: Le Double Classification of Anomalous Tendon of Pectoralis Minor.

Materials and Methods
Generation of keywords
The keywords were searched from MeSH browser. The keywords were Abnormal,

anomalous, ectopic, insertion, attachment, Pectoralis minor, Lesser pectoralis.
Three operators were used for Search strategies OR, AND & NOT. The existing
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reports were collected from three search engines which are PubMed, Embase, and
Google Scholar. The search strategy for PubMed was ((((((Pectoralis minor
[Title/Abstract]) AND Ectopic) OR anomalous) OR abnormal) AND insertion) OR
attachment) AND ((((Rotator cuff tear) OR Shoulder pain) OR impingement
syndrome) OR painful arc). Thirty-three studies were collected, and only fifteen
literatures dealt with the prevalence of ectopic insertion of PMi. Therefore, fifteen
studies were found suitable for data extraction [4-18]. The pooled estimation was
done through Prometa 3 software after data extraction. The random effect model
was used to estimate the pooled prevalence due to existing racial heterogeneity.
The unit of analysis was the ectopic insertion of PMi per hundred shoulders. A
total of 2288 shoulders were examined.

Results

The overall pooled prevalence of ectopic insertion of PMi was 22% (95% CI 16-
31%) (per 100 shoulders) (Table-1 Figure 2). The pooled prevalence of ectopic
insertion of PMi in American, Chinese, European, Korean, and Japanese are 15%,
10%, 20%, 23%, and 38% (per hundred shoulders), respectively (Figure 3). The
prevalence of PMi was increasing with years of publication in regression analysis.
The derived regression equation was Pooled prevalence = 0.01* year of publication
-21.16 (P value=0.028 in weighted regression model) (Figure 4).

Table 1. Prevalence of the ectopic tendon of pectoralis minor in different studies
and pooled estimation of prevalence

Studies Population Prevalence (%) 95% CI (%)
Seib 1938][5] American 15 13
(White &Black)
Fang-Dschau 1937[6] Chinese 34 25
Kolts et al. 2000[8] European 79 63
Krause 1880[11] European 16 10

Le Double 1897[4] European 15 9

Macalister 1866[17] European 15 9

Schwarz and Hirtler European 37 25

2019[12]

Wagenseil 1964[15] European 2 0.4
Wood 1866[9] European 15 9
Wood 1868[10] European 18 13

Hijioka et al. 1977[13] Japanese 37 28

Tochihara 1933[16] Japanese 44 33

Yoshimura et al. Japanese 35 25
2007[7]

Lee et al. 2018[14] Korean 23 15

Gruber 1860[18] Russian 4 2

Pooled Estimate Overall 22 16
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Fang Dschu 1937
Gruber 1860
Hijoka 1977

Kolt 2000

Krause 1843

Le Double 1897
Lee 2018

Mac Calister 1867
Schwarz 2019
Seib 1938
Tochihara 1930
Wagensciel 1936
Wood 1866
Wood 1868
Yashimura 2007
Overall (random-effects model)

ES

0.34
0.04
0.37
0.79
0.16
0.15
0.23
0.15
0.37
0.15
0.44
0.02
0.15
0.18
0.35
0.22

95% CI
0.25,0.45
0.02, 0.08
0.28, 0.46
0.63, 0.90
0.10, 0.25
0.09, 0.23
0.15,0.34
0.09, 0.23
0.25, 0.50
0.13,0.17
0.33, 0.56
0.00, 0.07
0.06, 0.31
0.13,0.26
0.25, 0.46
0.16, 0.31

o
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Figure 2: Forest plot of worldwide prevalence (pooled estimate) of PMi based on
random effect model. ES; Effect size of prevalence, CI; Confidence interval
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Figure 3. Forest plot of prevalence (pooled estimate) of PMi in different ethnic
population based on random effect model. The pooled prevalence of ectopic
insertion of PMi in American, Chinese, European, Korean and Japanese are 15%,

10%, 20%, 23%, and 38% (per hundred shoulders).
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Figure 4. Regression analysis of prevalence of PMi with year of publication
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Figure 5. Schematic diagram of possible anomalous insertion of PMi. [1- 4
Capsular insertion of Pectoralis Minor]

Discussion

The insertion of PMi into the shoulder joint capsule was first reported by Gantzer
[19] In 1863, Foltz narrated that the PMi tendon crossed the coracoid process
with the aid of a bursa and got inserted deep to Supraspinatus into the fibrous
capsule at the greater tubercle [20]. The anomalous tendon of PMi carved a groove
on the coracoid process, blending in with Supraspinatus in a fibrous capsule,
according to Wood [9]. The PMi tendon crossed the root of the coracoid process
and looped downwards and outwards to insert into the shoulder capsule,
according to Macalister [17]. The early observations about the insertion of the
pectoralis minor were mentioned in Testut's treatises [4,21]. A instance of
bilateral capsular insertion of a section of PMi was described by Patten [22]. PMi
was inserted into the upper part of the glenoidal lip and the surrounding capsule,
according to reports [23].

Phylogenetic consideration (Figure 5)

The coraco-glenoid ligament was named after Macalister, who was the first to
characterize it. He also believes that this ligament is a vestige of the pectoralis
minor's more primitive humeral attachment [17]. Brodie suggested that the
coracohumeral ligament is PMi tendon that has become detached [24]. PMi
became attached to the coracoid process, according to Sicarda. In humans, a
superficial portion of the fibres became the coracohumeral and coracoglenoidal
ligaments [25]. The coracohumeral ligament, according to Soulier, is a fibrous
rudiment of the PMi tendon rather than a separate ligamentous tissue [26]. After
a series of dissections in numerous mammals, including lemurs and marmosets,
lower monkeys, anthropoid apes, and humans, Huntington determined that PMi
insertion eventually shifted cephalad. In man, the primitive humeral insertion of
PMi had become capsular, then capsular and coracoidal, and finally totally
coracoidal [27]. The gorilla had the most consistent coracoidal insertion (although
the humeral insertion has been documented), while the orang and chimpanzee
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may have coracoidal, humeral, or both insertions, according to Stewart [28].
Because it was observed in so many very primitive mammals, Lander came to the
conclusion that the coracoidal insertion of the pectoralis minor could not
constitute a subsequent adaptation. It was transferred to the humerus or another
attachment point during the embryological stage [29]. Lander's theory had been
refuted by Bland-Sutton, who had adopted the earlier view. Rouviere & Delmas
and Tubb et al. bolstered this notion by predicting a negative association between
the size of the PMi insertion area and the coraco-pectoral distance [1, 30].

Prevalence of ectopic insertion of PMi tendon

In the Indian population, no extensive investigations have been conducted to
determine the frequency of pectoralis minor tendon extension beyond the coracoid
process. In previous investigations, the prevalence of PMi anomalous tendons
ranged from 1.5 percent to 34 percent. Gruber discovered this variant in eight of
200 shoulders (4.0%), and Macalister identified it in seventeen of 106 shoulders
(16 percent) [17,18]. Wood discovered the aberrant tendon in 25 of the 136
shoulders he examined (18.8 percent) [10]. According to Krause, in 16 percent of
the cases, the aberrant tendon was linked to the shoulder joint capsule in the
coraco-humeral ligament region. In comparison, only 2% of humeral attachments
occur to the capsule or larger tubercle [11]. In the dissected specimen, Kolt et al.
found a very high prevalence (79 percent) [8]. The authors calculated the
prevalence of ectopic PMi in the Japanese population, which was nearly double
that of the rest of the world, but did not establish any biomechanical
explanations, which could be the subject of future research. Due to the regular
reporting of published data, the prevalence of ectopic insertion increased with the
publishing of the year. Female and left-sided frequencies were higher than male
and right-sided frequencies. Because of failures to identify PMi tendons, the
radiological prevalence of ectopic PMi tendon insertion was lower [2,14].

Clinical correlation

Impingement syndrome, thoracic outlet syndrome, rotator cuff injury, and limited
external rotation of the shoulder joint have all been linked to anatomical
differences in the literature [31, 32]. The pectoralis minor tendon is routinely used
to repair the rotator cuff, however its unusual insertion made procedures difficult
or hindered glenohumeral joint rotation due to tension [32-34]. Following rotator
cuff repair, ectopic tendon attachment may impede fibrotic scar growth in the
rotator interval and progress as a superior labrum anterior to posterior lesion
(SLAP) [3]. In half a dozen case reports of aberrant insertion of the PMi tendon,
shoulder discomfort and dyskinesia were documented. Preoperative imaging such
as USG or MRI has lower sensitivity in detecting this pathology, according to a
few radiological studies. If linked to the coraco-humeral ligament rather than the
coraco-glenoid ligament, this problem may result in a greater loss of range of
motion (ROM) [2].

Conclusion

The close relation between the coracohumeral ligament and ectopic insertion of
PMi at the rotator interval may be associated with loss of external rotation at the
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shoulder joint. This anatomic variation should be suspected if anterior shoulder
pain presents or is triggered by forced passive external rotation, even in
asymptomatic patients. A prior musculoskeletal USG or MRI assessment should
be considered to rule out ectopic insertion PMi in the repair of rotator cuff or
tenotomy in impingement syndrome. If this common anomaly is detected, a
tenotomy with or without reimplantation of the PMi on the coracoid process
should be performed to achieve adequate external rotation. In order to solve the
mystery of the high prevalence of ectopic PMI insertion and its impact on rotator
cuff biomechanics, phylogenetic and biomechanical investigations could be done
in the Japanese population.

Conflict of Interest: Nil
Funding support: Nil

References

1. Asghar A, Narayan RK, Satyam A, Naaz S. Prevalence of anomalous or ectopic
insertion of pectoralis minor: a systematic review and meta-analysis of 4146
shoulders. Surgical and Radiologic Anatomy. 2021 May;43(5):631-43.

2. Asghar A, Narayan RK, Satyam A, Panchal P, Naaz S. The Anomalous
Insertion of Pectoralis Minor (Le Double Type III): A case report. Anatomical
Sciences Journal. 2021;18(1):45-50.

3. Brodie CG. Note on the transverse-humeral, coraco-acromial, and coraco-
humeral ligaments, &c. J Anat Physiol. 1890;24(Pt 2):247.

4. Fang-Dschau. Eine haufig vorkommende Insertionsvarietat des M. pectoralis
minor bei den Chinesen. Beitrag zur Rassenanatomie der Chinesen. Z Fur
Morphol Anthropol. 1937;119-123.

5. Foltz. Homologie dea membrea pelvienn et thoraciques de ’homme. J Physiol
(Lond). 1863;49-69.

6. Gantzer. Dissertatio anatomica musculorum varietatis. 1813, 13: 14-16.

7. Gruber W. Die supernumiraren Brustmuskeln des Menschen. Mem Acad Imp
Sci St Petersb. 1860;3:1-3.

8. Higgins MA, Tambe A. Aberrant pectoralis minor tendon and surgery around
the coracoid process. Shoulder Elb. 2012;4(2):117-118.

9. Hijioka, A, Suzuki K, Kobayashi Y, Hojo T, Nakashima T. The Relationship
Between an Abnormal Insertion of the Pectoralis Minor and the
Coracohumeral Ligament -A natomical Findings of Cadaveric Shoulders -.
Shoulder surg. 1977;9-12.

10. Huntington GS. Present problems of myological research and the significance
and classification of muscular variations. Am J Anat. 1903;2(2):157-175.

11. Kolts I, Busch LC, Tomusk H, Raudheiding A, Eller A, Merila M, et al.
Macroscopical anatomy of the so-called "rotator interval". A cadaver study on
19 shoulder joints. Ann Anat-Anat Anz. 2002;184(1):9-14.

12. Krause W. Handbuch der menschlichen Anatomie : Anatomische Varietiten,
Tabellen, etc. Vol. 3. Hahn’sche Hofbuchhandlung; 1880.

13. Lander KF. The pectoralis minor: a morphological study. J Anat. 1918;52(Pt
3):292.

14. Le Corroller T, Cohen M, Aswad R, Pauly V, Champsaur P. Sonography of the
painful shoulder: role of the operator's experience. Skeletal Radiol.
2008;37(11):979-986.



3122

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Le Double AF. Traité des variations du systéme musculaire de 'homme: et de
leur signification au point de vue de l'anthropologie zoologique. Vol. 2.
Schleicher fréres; 1897, 252-255.

Lee C-B, Choi S-J, Ahn J-H, Ryu D-S, Park M-S, Jung S-M, et al. Ectopic
Insertion of the Pectoralis Minor Tendon: Inter-Reader Agreement and
Findings in the Rotator Interval on MRI. Korean J Radiol. 2014;15(6):764-70.
Lee K-W, Choi Y-J, Lee H-J, Gil Y-C, Kim H-J, Tansatit T, et al. Classification
of unusual insertion of the pectoralis minor muscle. Surg Radiol Anat.
2018;40(12):1357-1361.

Low SCS, Tan SC. Ectopic insertion of the pectoralis minor muscle with
tendinosis as a cause of shoulder pain and clicking. Clin Radiol.
2010;65(3):254-256.

Macalister A. On muscular anomalies in human anatomy, and their bearing
upon homotypical myology. Proc R Ir Acad 1836-1869. 1866;10:121-164.
Patten CJ. Bilateral capsular insertion of part of the tendon of the pectoralis
minor. J Anat. 1934;68(Pt 3):427.

Rouviére A, Delmas D. Anatomie humaine descriptive et topographique. Tome
II: le tronc. Masson, Paris; 1994.

Ruiz FS, Ruiz AT, Butani P. Anomalous insertion of the pectoralis minor
tendon at the greater tuberosity. J Ultrasound. 2019; 23(3):407-10.

Schwarz GM, Hirtler. Ectopic tendons of the pectoralis minor muscle as
cause for shoulder pain and motion inhibition— Explaining clinically
important variabilities through phylogenesis. PLoS ONE 2019;14(6):
e€0218715. https:// doi.org/10.1371/ journal.pone.0218715.

Seib GA. The m. pectoralis minor in American whites and American negroes.
Am J Phys Anthropol. 1938;23(4):389-419.

Sicarda. Anomalie de terminaison dn muscle petit pectoral. Sa signification.
Ann Anat path, VII, 352-355 in Anat Rericht, XXVI, abs 1462.
1930;(VIL,):352-5.

Soulier R. Insertions humé6rales du petit pectoral. C. R. Assoc. 30,
Montpellier, 465-468 in Anat. Bericht, XXXIII, Abs. 1290. In: Ses rapports
avec le ligament coraeo-humeral. Montpellier,: Anat. Bericht,; 1935. p. 465-8.
(Abs. 1290.; vol. XXXIII,).

Stewart TD. The musculature of the anthropoids. I. Neck and trunk. Am J
Phys Anthropol. 1936;21(2):141-204.

Testut L. Les anomalies musculaires chez ’'homme: expliquées par ’anatomie
comparée leur importance en anthropologie. Libraire de 1’Academie de
Medecine; 1884.

Tochihara J. uber die eigenlichen Bander der Skapula, sowie uber die
Omoklavikularen Verbindungen bei den Japanern. Abs. 97,. Jap J Med Sci,.
1933;97.

Tubbs RS Oakes WJ, Salter EG. Unusual attachment of the pectoralis minor
muscle. Clinical Anatomy; 2005;18(4):302-4.

Wagenseil F. Die mimische und Kau-Muskulatur zweier Melanesier.
Anthropol Anz. 1964;(H. 2):143-161.

Wood J. Variations in Human Myology Observed during the Winter Session of
1866-67 at King's College, London. Proc R Soc Lond. 1866;15:518-46.

Wood J. XVII. Variations in human myology observed during the winter
session of 1867-68 at King's College, London. Proc R Soc Lond.
1868;(16):483-525.



3123

34. Yoshimura H, Mochizuki T, Muneta T, Sugaya H, Maeda K, Akita K, et al. The
Insertion of the Pectoralis Minor Tendon: An Anatomic Study in Cadavers.
Katakansetsu. 2007;31(2):217-9.



