
	
  
	
  
	
  

	
  

	
  NERASS 	
   	
   	
   	
   	
  29-­‐11-­‐’13	
  
	
  	
  

Schouderprothesiologie:	
  
Indica>e	
  en	
  >ming	
  opera>e	
  

	
  

	
  Dr	
  Arthur	
  van	
  Noort	
  	
  Orthopedisch	
  Chirurg	
  
Spaarne	
  Ziekenhuis	
  	
  



 
 
 
 
 
 
 

Disclosures: 
:: 
 
 
H 
 
  
  

 
 
 
 
 
 

(Key Opinion Leader) 
 

 
  

 
 
 
 
 
 

  



 
 
 
 
 
 
 

Introductie 
 
 
 
H 
 
  
  

1.  Is er een (relatieve) afname van het aantal indicaties 
voor schouderprothesiologie bij RA? 

2.  Optimale timing chirurgie ? 

3.  Welke type schouderprothese geniet de voorkeur bij 
RA ? 

 
4.  Uitkomst schouderprothesiologie bij RA ? 
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•  Schoudergewricht: 20% van de RA patiënten (Olofsson 
2003) 

 
•  >15 jaar RA: 80-90% patiënten ernstige 

schouderklachten (Petersson 1986) 
 
•  Effect: destructie glenohumeraal gewricht incl synovitis 

en rotator cuff lesies met pijn en functieverlies als 
gevolg (Fuerst 2007)  
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 Studies on undifferentiated and early rheumatoid 
arthritis  

 
Dr Jill van Aken  
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•  Tot de jaren 90: Pyramide strategie : NSAID’s – Corticosteroiden 
 à progressie aandoening; geen preventie destructie gewricht 

•  Midden jaren 90: DMARD (sulfasalazine en plaquenil). Direct starten/
combinatietherapie. – relatief toxisch/slow onset 

•  Vanaf 2000: TNF blokkers (infliximab)  

•  “Treat to target” principe: vroeg en krachtig behandelen 
(combinatietherapie)àpreventie progressie aandoening/destructie 



1. Total joint arthroplasty in patients with rheumatoid arthritis: a 
United States experience from 1992 through 2005. 

 
J Arthroplasty. 2012 Jun;27(6):881-8  

 
    Conclusie: 

•  In absolute zin toename van het aantal gewrichtsprothesen bij 
algemene en RA populatie 

•  Bij correctie voor groei bevolking, leeftijd en geslacht significante 
afname van het percentage patienten met RA.  

•  Totale Schouder prothesiologie:  
  vrouwen>>mannen 
  > 65 jr veel meer prothesen dan < 65 jr 
   

 
 
 

  



 
 
 
 
 
 
 
 
 
 
 

Toename absolute aantal TSA (ook met RA) 
          Relatief kleinere groep RA patiënten 

 
Decrease of RA- related orthopaedic surgery of the upper limbs between 

1998 and 2004: data from 54579 Swedish RA inpatients. Weiss et al  
Rheumatology (Oxford) 2008;47:491. 

in patients with RA (Figs. 7 and 8). The incidence of
primary TEA was significantly lower among patients
with RA than in the general population (P b .0001). In
all patients, the incidence of primary TEA was signifi-
cantly higher in females than in males (P b .0001) and
significantly higher in those younger than 65 years than
in those older than 65 years (P b .0001). After adjusting
for population, age, and sex, there was a significantly

smaller increase in the rate of primary TEA in patients
with RA than in the general population (P b .0001).

Discussion
In the United States, although the absolute number of

primary TJA procedures from 1992 through 2005
increased in both the general population and in the
patients with RA, the population-adjusted rates of these

Fig. 5. Number and incidence of TSA procedures performed in the United States in all patients.

Fig. 6. Number and incidence of TSA procedures performed in the United States in patients with RA.
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tension on the suprascapular nerve15. In clinical studies, Vad
et al. reported that two of seven patients with an abnormal
electromyographic finding following a full-thickness rotator
cuff tear were diagnosed as having a suprascapular neuropathy16

and Warner reported that seven of twenty-six patients with a
massive rotator cuff tear and fatty replacement of the muscles
showed dysfunction of the suprascapular nerve17. The authors of
these two clinical studies proposed that suprascapular nerve
damage could result in the infraspinatus atrophy in association
with some rotator cuff tears, although most of their patients
with muscle atrophy did not show dysfunction of the supra-
scapular nerve16,17. Our anatomical findings suggest that there
may be a higher frequency of involvement of the infraspinatus in
rotator cuff tears, which can explain the development of infra-
spinatus atrophy without suprascapular nerve damage.

The supraspinatus has traditionally been considered to be
an important abductor among the rotator cuff muscles20,21.
However, several researchers have reported that the infraspina-
tus contributes as much to abduction as does the supraspina-
tus22-25. Although the analysis of the footprints in our cadaver
study did not allow us to draw conclusions regarding the func-
tion of the rotator cuff, our findings that the infraspinatus oc-
cupied about half of the highest impression on the greater
tuberosity, which has been believed to be the footprint of the
supraspinatus, support the concept that the infraspinatus may
contribute more to shoulder abduction than previously believed.

Recently, on the basis of both biomechanical26,27 and
clinical28,29 studies, the concept of ‘‘footprint reconstruction’’

with use of a double row of suture anchors has been suggested
to be superior to single-row fixation in rotator cuff repair. On
the basis of the anatomical findings of our study, it appears that
rotator cuff reconstruction to the anatomical footprint requires
repair not only of the supraspinatus but also of the infraspinatus
to the wider footprint on the highest impression on the greater
tuberosity. Although it is difficult to distinguish the infraspi-
natus from the supraspinatus during surgery, the long, thick
tendinous portions of both the supraspinatus and the infraspi-
natus may help to identify each muscle. Additionally, repair of
these thick tendinous portions to the original insertions may be
important for the full restoration of shoulder function.

The anatomical findings in the present study suggest that
surgeons need to have increased awareness of pathological
conditions of the infraspinatus tendon, especially when de-
lamination is observed30,31. It may be important for surgeons to
incorporate these new anatomical findings in order to properly
restore the geography of the footprint of the torn anterior
rotator cuff. n
NOTE: The authors thank Akimoto Nimura, MD, for measurements of the footprint; Joji Moriishi, MD,
PhD, for proffering advice regarding our studies; and Kumiko Yamaguchi, MD, PhD, for technical
assistance.

Tomoyuki Mochizuki, MD
Ichiro Sekiya, MD
Section of Orthopaedic Surgery, Division of Cartilage Regeneration,
Graduate School, Tokyo Medical and Dental University, 1-5-45 Yushima,
Bunkyo-ku, Tokyo 113-8519, Japan

Fig. 6

Illustrations of the superior aspect of the right humerus, showing the humeral insertions of the supraspinatus and infraspinatus. A: An
illustration based on the generally accepted concept of the anatomy of the humeral insertions. The supraspinatus is shown to insert into the
highest impression and the infraspinatus, into the middle impression of the greater tuberosity. B: An illustration based on the findings of the
present study. The insertion area of the infraspinatus occupies about half of the highest and all of the middle impression of the greater
tuberosity. The insertion area of the supraspinatus is located at the anteromedial region of the highest impression and is sometimes located
at the superiormost area on the lesser tuberosity. GT = greater tuberosity, HH = humeral head, ISP-I = insertion area of the infraspinatus,
LT = lesser tuberosity, and SSP-I = insertion area of the supraspinatus.
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Fig. 1

Photographs of the superior aspect of a right shoulder, after the acromion has been removed, showing the muscular and
tendinous structures of the infraspinatus and the supraspinatus near their insertions onto the greater tuberosity. A:

Connective tissues cover the supraspinatus and infraspinatus near the insertions (star). These tissues make it difficult to
separate the infraspinatus from the supraspinatus. B: After removal of the overlying connective tissues, the anterior margin
of the infraspinatus (arrowheads) is clearly observed. Bg = bicipital groove, CP = coracoid process, GT = greater tuberosity,
ISP = infraspinatus, PMi = pectoralis minor, SS = scapular spine, SSP = supraspinatus, Ant = anterior, and Med = medial.

Fig. 2

Photographs of the superior aspect of a right shoulder, showing the tendinous insertions of the
supraspinatus and infraspinatus. A: The infraspinatus has been totally removed from the humerus,
whereas the supraspinatus remains intact. The insertion area of the infraspinatus at the greater
tuberosity is clearly observed. The black line (asterisk) indicates the border between the insertion
area of the infraspinatus and the supraspinatus. B: The supraspinatus has been removed from the
humerus, and the insertion area of the supraspinatus can now be observed. Note that the joint capsule
is not torn after removal of the supraspinatus and infraspinatus. Bg = bicipital groove, GT = greater
tuberosity, SSP = supraspinatus, Ant = anterior, and Med = medial.
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and infraspinatus individually and reported numeric values
for their maximum length (medial to lateral) and width
(anterior to posterior)3-6. Few reports differ from the text-
book descriptions. However, Clark and Harryman pointed
out the difficulty of separating these tendons and delineating
their footprints because of their interdigitated fibers7.
Minagawa et al. reported the overlapping areas of these two
tendons on the footprint and found the footprint of the
supraspinatus to have a wider area than had been previously
reported6.

Previous reports of the specific extents of tendon in-
volvement in rotator cuff tears have been based on the con-
ventional understanding of the footprint and have stated that

most rotator cuff tears mainly involve the supraspinatus, and
not the infraspinatus8-14. However, muscle atrophy of the in-
fraspinatus is often observed in patients with rotator cuff tears.
This atrophy has been believed to be due to a tear of the in-
fraspinatus itself and/or traction on the suprascapular nerve
following a tear of the rotator cuff15-17. In daily practice, even
shoulders in which a localized supraspinatus tendon tear has
been diagnosed with imaging studies can often have muscle
atrophy of the infraspinatus18. For these reasons, we reinves-
tigated the humeral insertions of the supraspinatus and in-
fraspinatus. The purpose of this study was to reevaluate
macroscopically the humeral insertions and tendinous structures
of the supraspinatus and infraspinatus in cadaver shoulders.

Fig. 3

Muscular and tendinous geometry of the supraspinatus and infraspinatus. A: Photograph of the superior aspect of a right shoulder, showing the
myotendinous unit of the supraspinatus. B: Photograph of the dorsal aspect of a right shoulder, showing the myotendinous unit of the infraspinatus. C:

Photograph of the superior aspect of a right shoulder, showing the tendinous portion of the supraspinatus. The supraspinatus tendon is composed of two
portions: the anterior half is long and thick (SSP-LT), and the posterior half is short and thin (SSP-ST). D: Photograph of the dorsal aspect of the same
specimen, showing the tendinous portion of the infraspinatus. The superior half of the infraspinatus tendon is long and thick (ISP-LT), while the inferior
half is short and thin (ISP-ST). The tendinous insertion of the supraspinatus takes up only the anteriormost portion of the greater tuberosity, while the
insertion of the infraspinatus occupies most of the greater tuberosity. The border between the infraspinatus and teres minor is indicated by the black line.
CP = coracoid process, SS = scapular spine, SSP = supraspinatus, ISP = infraspinatus, TMi = teres minor, TMi-T = tendinous portion of the teres minor,
Ant = anterior, Med = medial, and Sup = superior.
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Fig. 1

Photographs of the superior aspect of a right shoulder, after the acromion has been removed, showing the muscular and
tendinous structures of the infraspinatus and the supraspinatus near their insertions onto the greater tuberosity. A:

Connective tissues cover the supraspinatus and infraspinatus near the insertions (star). These tissues make it difficult to
separate the infraspinatus from the supraspinatus. B: After removal of the overlying connective tissues, the anterior margin
of the infraspinatus (arrowheads) is clearly observed. Bg = bicipital groove, CP = coracoid process, GT = greater tuberosity,
ISP = infraspinatus, PMi = pectoralis minor, SS = scapular spine, SSP = supraspinatus, Ant = anterior, and Med = medial.

Fig. 2

Photographs of the superior aspect of a right shoulder, showing the tendinous insertions of the
supraspinatus and infraspinatus. A: The infraspinatus has been totally removed from the humerus,
whereas the supraspinatus remains intact. The insertion area of the infraspinatus at the greater
tuberosity is clearly observed. The black line (asterisk) indicates the border between the insertion
area of the infraspinatus and the supraspinatus. B: The supraspinatus has been removed from the
humerus, and the insertion area of the supraspinatus can now be observed. Note that the joint capsule
is not torn after removal of the supraspinatus and infraspinatus. Bg = bicipital groove, GT = greater
tuberosity, SSP = supraspinatus, Ant = anterior, and Med = medial.
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Materials and Methods

One hundred and twenty-eight cadaver shoulders from
sixty-four Japanese donors (twenty-five males and thirty-

nine females; average age at the time of death, 77.3 years old)
were used in this study. All cadavers were fixed in 8% formalin
and preserved in 30% ethanol. The entire scapula and the
proximal one-third of the humerus and clavicle, with soft
tissues, were obtained by cutting the humerus and clavicle. The
skin, the subcutaneous tissues, and the deltoid muscle were
removed from the shoulder. After resection of the acromion,
the coracohumeral ligament and the connective tissues over-
lying the supraspinatus and infraspinatus were removed (Fig.
1). At this stage, fifteen shoulders with severe degenerative
changes and/or torn tendons were excluded because of diffi-
culty in precisely delineating the insertions of the rotator cuff.

In ninety-seven specimens, after observation of the ma-
croscopic characteristics of the muscular and tendinous fibers
in the myotendinous cuff, the supraspinatus and infraspinatus
were peeled away from their origins on the scapula toward
their insertion on the tuberosities of the humerus to delineate
the humeral insertion of each tendon (Fig. 2).

In sixteen randomized specimens, the muscular portion
was removed from the myotendinous units of the supraspi-
natus and infraspinatus and the tendons were left attached to
the humerus in order to evaluate their specific characteristics.
The border between the supraspinatus and infraspinatus was
examined by tracing the course of the remaining tendinous
portion of both muscles (Fig. 3).

We measured the maximum length (medial to lateral)
and width (anterior to posterior) of the footprint of both the
supraspinatus and the infraspinatus in twenty-six shoulders of
another fourteen cadavers (eight males and six females; aver-
age age at the time of death, 73.3 years old). Two (of the
original twenty-eight) shoulders with a torn tendon were ex-
cluded. We also measured the medial-to-lateral length of the
attachment of the joint capsule at the posterior edge of the
footprint of the supraspinatus.

Results
Humeral Insertions of the Supraspinatus and Infraspinatus

There was a consistent pattern in all specimens in terms of
the anatomy of the supraspinatus and infraspinatus. The

supraspinatus muscle originated from the supraspinatus fossa
and the superior surface of the spine of the scapula, and it ran
laterally. The infraspinatus muscle originated from both the
infraspinatus fossa and the inferior surface of the spine of the
scapula, and it ran superolaterally. The supraspinatus and in-
fraspinatus appeared to fuse into one structure at their inser-
tions on the humerus. However, in all specimens, after removal
of the coracohumeral ligament and the loose connective tissues
overlying the supraspinatus and infraspinatus near their in-
sertions, the anterior border of the infraspinatus could be
clearly traced and the border between the two muscles became
more apparent (Fig. 1). The anterior margin of the infraspi-
natus was slightly protuberant compared with the posterior,
adjacent margin of the supraspinatus. The anterior part of the

Fig. 4

Photographs showing specimens (superior aspect of the right shoulder) in which the supraspinatus
was found to insert into the lesser tuberosity as well as the greater tuberosity. A: The anterior portion
of the tendon is attached to the lesser tuberosity, while the posterior portion is attached to the most
anterior portion of the greater tuberosity. B: The anterior tendinous portion inserts more widely into
the lesser tuberosity. Bg = bicipital groove, CP = coracoid process, GT = greater tuberosity, ISP =

infraspinatus, LT = lesser tuberosity, SS = scapular spine, SSP = supraspinatus, Ant = anterior, and
Med = medial.
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Humeral Insertion of the Supraspinatus
and Infraspinatus

New Anatomical Findings Regarding the Footprint of the Rotator Cuff

By Tomoyuki Mochizuki, MD, Hiroyuki Sugaya, MD, Mari Uomizu, MD, Kazuhiko Maeda, MD, Keisuke Matsuki, MD,
Ichiro Sekiya, MD, Takeshi Muneta, MD, and Keiichi Akita, MD

Investigation performed at the Unit of Clinical Anatomy, Graduate School, Tokyo Medical and Dental University, Tokyo, Japan

Background: It is generally believed that the supraspinatus is the most commonly involved tendon in rotator cuff
tears. Clinically, however, atrophy of the infraspinatus muscle is frequently observed in patients with even small to
medium-size rotator cuff tears. This fact cannot be fully explained by our current understanding of the anatomical
insertions of the supraspinatus and infraspinatus. The purpose of this study was to reinvestigate the humeral insertions of
these tendons.

Methods: The study included 113 shoulders from sixty-four cadavers. The humeral insertion areas of the supraspinatus
and infraspinatus were investigated in ninety-seven specimens. In sixteen specimens, all muscular portions of the
supraspinatus and infraspinatus were removed, leaving the tendinous portions intact, in order to define the specific
characteristics of the tendinous portion of the muscles. Another twenty-six shoulders were used to obtain precise
measurements of the footprints of the supraspinatus and infraspinatus.

Results: The supraspinatus had a long tendinous portion in the anterior half of the muscle, which always inserted into
the anteriormost area of the highest impression on the greater tuberosity and which inserted into the superiormost area
of the lesser tuberosity in 21% of the specimens. The footprint of the supraspinatus was triangular in shape, with an
average maximum medial-to-lateral length of 6.9 mm and an average maximum anteroposterior width of 12.6 mm. The
infraspinatus had a long tendinous portion in the superior half of the muscle, which curved anteriorly and extended to
the anterolateral area of the highest impression of the greater tuberosity. The footprint of the infraspinatus was
trapezoidal in shape, with an average maximum medial-to-lateral length of 10.2 mm and an average maximum
anteroposterior width of 32.7 mm.

Conclusions: The footprint of the supraspinatus on the greater tuberosity is much smaller than previously believed,
and this area of the greater tuberosity is actually occupied by a substantial amount of the infraspinatus.

Clinical Relevance: The present study suggests that rotator cuff tears that were previously thought to involve only the
supraspinatus tendon may in fact have had a substantial infraspinatus component as well.

Tears of the rotator cuff, which frequently occur in el-
derly patients as a result of age-related degenerative
changes and/or injury, can lead to dysfunction of the

shoulder. Therefore, identification of the precise location and
extent of the tear may be important to facilitate proper surgical
treatment to restore function. Tears are assessed preoperatively
with the use of ultrasonography and magnetic resonance imag-
ing and are diagnosed on the basis of intraoperative findings.

In both examinations, the exposed osseous surface of the greater
and lesser tuberosities is the critical finding generally used to
determine which tendon is damaged.

Most anatomy textbooks state that the supraspinatus
inserts into the highest impression of the greater tuberosity
and the infraspinatus inserts into the middle impression of
the greater tuberosity1,2. The authors of several anatomical
studies have delineated the footprints of the supraspinatus

Disclosure: The authors did not receive any outside funding or grants in support of their research for or preparation of this work. Neither they nor a
member of their immediate families received payments or other benefits or a commitment or agreement to provide such benefits from a commercial
entity. No commercial entity paid or directed, or agreed to pay or direct, any benefits to any research fund, foundation, division, center, clinical practice,
or other charitable or nonprofit organization with which the authors, or a member of their immediate families, are affiliated or associated.
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