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uperior excursion of the humeral head: A diagnostic tool
n rotator cuff tear surgery
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uperior excursion of the humeral head on the face of
he glenoid was investigated to determine whether a
elationship exists between the degree of humeral
ead excursion and the identity of the injured tendon
n a shoulder with a torn rotator cuff. Twenty-seven
atients with unilateral full-thickness rotator cuff tears
iagnosed by either positive arthrogram or magnetic
esonance imaging were included in this study. Three
roups were formed based on intraoperative findings:
0 patients had isolated supraspinatus tendon tears

group 1), 11 patients had supraspinatus and infraspi-
atus tears (group 2), and 6 patients had supraspina-
us, infraspinatus, and subscapularis tendon tears
group 3). There was no statistically significant differ-
nce between the degree of humeral head excursion
n groups 1 and 2. However, patients in group 3 had

statistically significantly higher degree of excursion
f the humeral head (P � .05) when compared with
roups 1 and 2. In addition, an inverse relationship
etween the degree of humeral head excursion and
reoperative Constant scores was found. Superior ex-
ursion of the humeral head on the glenoid had a sig-
ificantly higher incidence in patients with subscapu-
aris tears, and a larger amount of excursion was
resent in patients who had lower preoperative Con-
tant scores. (J Shoulder Elbow Surg 2005;14:
75-379.)

ne of the keys to proper functioning of the shoul-
er is an intact rotator cuff. The function of the rotator
uff has 3 effects on the shoulder. It compresses the
umeral head into the glenoid fossa, increases joint
ontact pressure, and centers the humeral head on the
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lenoid. The deltoid muscle works in conjunction with
he supraspinatus and infraspinatus muscles to abduct
he arm.2,4 At the beginning of abduction, the deltoid
auses superior displacement of the humeral head
ue to its vector. To prevent complete superior excur-
ion of the humeral head by the deltoid, the rotator
uff compresses the humeral head against the gle-
oid, fixing the head of the humerus to the glenoid,
hereby providing a fulcrum for the deltoid.5,19 Thus,
he rotator cuff, specifically the supraspinatus, acts as

synergist to deltoid function. In the case of rotator
uff tear or failure, the humeral head is displaced
uperiorly during abduction as a result of the unop-
osed action of deltoid.

Narrowing of the acromiohumeral interval (AHI)
as first defined by Golding9 as a characteristic of

otator cuff tears on plain radiographs. Golding re-
orted that the AHI ranged from 7 to 13 mm in normal
ubjects. Cotton and Rideout4 included Golding’s
nding in the 5-group classification of radiologic
eatures of rotator cuff tears, and several other studies
ave supported Golding’s findings. Cotton and Ride-
ut reported a range of 6 to 14 mm, and Weiner and
acnab20 reported an AHI of 7 to 14 mm in patients
ith intact rotator cuffs whereas an interval of 5 mm
r less was considered as a tear of the rotator cuff.
ecently, Deutsch et al5 studied the effect of rotator
uff function on the humeral head position, but in-
tead of AHI, they used the superior excursion of the
umeral head for both the impingement syndrome
nd rotator cuff tear.

None of the studies mentioned gave direct infor-
ation about the severity and location of the cuff tear

n considering the AHI or superior excursion of the
umeral head. This study aims to use the plain radio-
raph to determine the location and size of the cuff

ear preoperatively by measuring the superior excur-
ion of the humeral head.

ATERIALS AND METHODS

We studied 30 consecutive patients (17 women and 13
en) presenting between 1990 and 2000 with unilateral

ull-thickness rotator cuff tears diagnosed by positive arthro-
ram or magnetic resonance imaging (MRI). Patients hav-
ng any history, symptom, or physical finding suggesting a
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otator cuff condition in the opposite shoulder were ex-
luded from the study. The size of the tear and the affected
endons were noted during surgery. Patients with intact
upraspinatus tendons (3 shoulders) were excluded from the
tudy because of the small size of this population for statis-
ical comparison. The remaining 27 patients with unilateral
ull-thickness rotator cuff tears of medium to large size (1-5
m) were included in the study. The long head of the biceps
as intact in all cases. Three patient groups were formed
ased on the location of the tear. Group 1 included 10
atients with isolated supraspinatus tendon tears, group 2

ncluded 11 patients with supraspinatus and infraspinatus
ears, and group 3 included 6 patients with supraspinatus,
nfraspinatus, and subscapularis tendon tears.

Anteroposterior views of the glenohumeral joint of both
houlders were taken before surgery. Plain radiographs
ere taken with the arm actively elevated 30° in the plane
f the scapula with the patient in the upright position. The
-ray beam was parallel to the plane of the glenoid and
erpendicular to the plane of the scapula. On the antero-
osterior view, a y-axis that was parallel to the glenoid and

angent to both the inferior and superior rims was selected
s a reference line. Lines passing through the geometric
enter of the humeral head (Oh) and the center of the
lenoid face (Og) that were perpendicular to the y-axis
ere drawn. The distance between the Oh and Og was
easured5 (Figure 1). The center of the glenoid face was
sed as a point of reference. When the geometric center of
he humeral head was located inferior to the center of the
lenoid face, a negative excursion value was recorded.
imilarly, a positive value was assigned when the humeral
ead was located superior to the center of the glenoid face.
he distance between Oh and Og, referred to as e, was
easured in both shoulders. The difference between the e
alue of the injured shoulder and the e value of the unin-
ured shoulder was recorded. This number was defined as
he degree of excursion (�e) of the injured shoulder. Statis-
ical analysis was done to determine a correlation between
he degree of excursion of the humeral head and the rotator
uff tendon involved.

The relevance of humeral head excursion with regard to
reoperative Constant scores was also investigated. Pa-

ients were divided according to �e: group A included
atients with excursion ranging from 0 to 3 mm, whereas
roup B included patients with excursion ranging from 4 to
mm. One-way analysis of variance, Tukey-Kramer multi-

le comparisons test, and unpaired t tests were used to
etermine a statistically significant relationship.

ESULTS

The mean age of the patients was 56 years (range,
2-71 years). It was determined intraoperatively that

ears of the supraspinatus, infraspinatus, and sub-
capularis tendons were present in 27 patients
100%), 11 patients (40.7%), and 6 patients
22.2%), respectively. Tears of the teres minor were
ot reported. The mean excursion of the humeral
ead in injured shoulders was �0.03 mm, whereas

he mean excursion in uninjured shoulders was h
2.00 mm (inferior excursion). The difference was
tatistically significant (P � .0001).

Comparison of the �e among the 3 groups re-
ealed that patients with isolated supraspinatus tears
group 1) had a mean �e of 1.4 mm whereas patients
n group 2 (supraspinatus and infraspinatus tears)
ad a mean �e of 2.0 mm. The difference between
he two groups was statistically insignificant. The
ean �e increased to 4.5 mm in patients in group 3,

esulting in a statistically significant difference when
ompared with groups 1 and 2 (P � .05) (95% CI,
.925-5.075) (Table I).
The �e was 0 to 3 mm in 19 patients (group A) and
to 5 mm in 8 patients (group B). The mean preop-

rative Constant score was 48.6 in group A and 21.5
n group B. The difference was statistically significant
P � .001) (Figure 2). A negative correlation was
resent between the �e and the preoperative Con-
tant scores.

There was no direct relationship between the size
f the tear and the extent of humeral head excursion.

ISCUSSION

Elevation of the arm is accomplished by the deltoid
orking in conjunction with the rotator cuff.1,4,5,11,13

he pull of the deltoid, which tends to displace the
umeral head from the glenoid, is counteracted by the
otator cuff, which fixes the humeral head in the
lenoid. This force couple applies the force necessary

o abduct the humerus.2 When a large tear of the
otator cuff exists, the upward pull of the deltoid is
nopposed, leading to superior displacement of the

igure 1 The parameters used for the measurement of excursion of
he humeral head on the face of glenoid (e) on preoperative plain
adiographs. Oh, Geometric center of humeral head; Og, center of
lenoid face.
umeral head.5
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The importance of the AHI for diagnosing rotator
uff tears on plain radiographs has been discussed by
any authors.4,9,10,20 Golding9 first studied the AHI
s a diagnostic tool by measuring the interval in the

njured and uninjured shoulders of 150 patients. He
eported that the AHI in uninjured shoulders generally
anged from 7 to 13 mm. Cotton and Rideout4 com-
ined radiologic and pathologic surveys of shoulder

oints at necropsy to confirm changes associated with
otator cuff tears. They also reported on the AHI. They
larified the methodology for measuring the AHI by
efining their margins of measurement from the infe-
ior aspect of the acromion directly above the head of
he humerus to the articular cortex of the humeral
ead. They found that the AHI ranged from 6 to 14
m in subjects with intact rotator cuffs based on plain

adiographs. Patients with full-thickness rotator cuff

Figure 2 The distribution of �e values and preope

able I Distribution of �e in three rotator cuff tear groups

Isolated
supraspinatus tear

(group 1)

o. of Cases 10
ean �e (mm) 1.4
inimum (mm) 0
aximum (mm) 3

D 1.2
5% CI limits (lower-upper) 0.5–2.3
ears were reported to have an AHI ranging from 1 to
mm. However, they concluded that narrowing of
he AHI was not a reliable sign for diagnosis of a
ull-thickness tear of the rotator cuff and further re-
orted that changes seen on plain radiographs gave

ittle indication of the severity of the tear.
In 1970 Weiner and Macnab20 radiologically

valuated the superior migration of the humeral head.
tandard anteroposterior views of the shoulder with

he arm at the side in neutral rotation were reviewed.
hey reported that a normal AHI ranged from 7 to 14
m, and they considered an interval of 5 mm or less

o be compatible with a tear of the rotator cuff. They
roposed that narrowing of the AHI was a result of a
ecrease in the amount of substance normally located
ithin the AHI combined with the pull of the deltoid

hat shifts the humeral head proximally as a result of
neffective supraspinatus function.

Constant scores in patients with torn rotator cuffs.

upraspinatus and
nfraspinatus tear

(group 2)

Supraspinatus, infraspinatus,
and subscapularis tear

(group 3)

11 6
2.0 4.5
0 4
5 5
1.7 0.5

0.8–3.2 3.9–5
S
i

Hamada et al10 reported AHI measurements in
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atients with massive infraspinatus and supraspinatus
ears verified by arthrography. In their study the mean
HI was 4.4 mm (range, 0-9 mm). Anteroposterior

adiographs were taken with the arm in a neutral
osition without active abduction.

Deutsch et al5 performed a radiologic study of
uperior displacement of the humeral head in im-
ingement and rotator cuff tear patients. Rather than
easure the AHI, the authors measured the humeral
ead position with respect to the glenoid face as
atients held their arms in different positions, based
n the previous work of Poppen and Walker.15 Al-

hough there was no significant difference in position
f the humeral head at the beginning of abduction in

he cuff tear, impingement, and normal shoulder
roups during the initial 40° of abduction, there was
significant superior excursion of the humeral head

n the tear and the impingement groups compared
ith the normal control group. The shoulder muscles
ause a significant rise of the humeral head during the
nitial 30° to 60° of abduction in rotator cuff–injured
houlders.5,16 In our study humeral head excursion
as measured on radiographs taken with the arm
ctively abducted to 30° to promote activity in the
otator cuff muscles.

Poppen and Walker15,16 were the first investiga-
ors to study and define the excursion of the humeral
ead on the face of the glenoid. This description was
sed by Chen3 and Deutsch et al.5 During abduction,
he glenoid face moves medially and tilts upward with
he movement of the humeral head15 so that, in our
pinion, measurement of superior excursion of the
umeral head on the glenoid face reflects glenohu-
eral congruity better than the AHI. In this study,
easurement of excursion of the humeral head on the
lenoid face was preferred, unlike the previous stud-

es that used the AHI as a diagnostic criterion for
otator cuff tears.4,9,10,20

Our findings suggest that there is no significant
ifference in humeral head excursion between pa-

ients with isolated supraspinatus tears (group 1) and
atients with supraspinatus and infraspinatus tears
group 2). However, patients with supraspinatus, in-
raspinatus, and subscapularis tears (group 3)
howed a statistically significant increase in superior
isplacement of the humeral head on the glenoid.
hese findings are supported by the physiologic char-
cteristics of the rotator cuff muscles. The subscapu-

aris is the strongest of the rotator cuff muscles.6 It
aintains the stability of the humeral head by pulling

t downward and posteriorly during abduction of the
rm.16,18 The loss of this strong muscle function al-

ows the humeral head to subluxate anterosuperiorly
s a result of the remaining force of the deltoid, which
auses a large amount of superior excursion (group
). The infraspinatus is relatively weaker and contrib-

tes 22% of the cuff moment, which is less than the
ubscapularis, which generates 53% of the total mo-
ent.14 A tear of this muscle together with the su-
raspinatus was found to cause a small amount of
umeral head excursion.

The relationships between superior excursion of
he humeral head and the preoperative Constant
cores were also investigated. We found an inverse
elationship between humeral head excursion and
reoperative Constant scores (ie, preoperative Con-
tant scores were lower in patients in whom superior
xcursion of the humeral head in the injured shoulder
elative to the normal one was �3 mm).

The uninjured shoulders of the patients included in
his study were used as controls because there is wide
ariability in the size of the humeral head between
atients of different heights.12 Therefore, uninjured
houlders were compared with injured ones in the
ame patient to prevent errors that might result from
atient variability.

Three patient groups were defined to include 1, 2,
r 3 types of tears. This classification enabled the
nvestigators to include a sufficient population of pa-
ients for evaluation, as isolated infraspinatus tears
nd isolated subscapularis tears are rare.7,8,17 Fur-

her investigation of excursion in patients with isolated
nfraspinatus or isolated subscapularis tears will de-
ne more clearly the interaction between the tendons
nvolved and the excursion of the humeral head.

Although ultrasound and MRI are likely to demon-
trate cuff rupture more than superior excursion of the
ead on radiographs, the refinement of the findings
rom the ultrasound requires special skills. MRI is
mportant for the diagnosis of rotator cuff tears; how-
ver, it is an expensive tool and may not be found
verywhere. On the contrary, radiography is a cheap
nd feasible diagnostic tool that may aid in the diag-
osis of a tear based on the finding of superior
xcursion of the humeral head.

In conclusion, measurement of superior excursion
f the humeral head of both shoulders in patients with
suspected 1-sided full-thickness rotator cuff tear is

mportant for determining the tendons’ involvement. In
his study, 3.9 mm of superior excursion of the hu-
eral head was found to be the lower limit for sub-

capularis tears presenting together with supraspina-
us and infraspinatus tears. Superior excursion of
ore than 3 mm was found to be adversely influential
n the preoperative Constant scores.

EFERENCES

1. Bassett RW, Browne AO, Morrey BF, An KN. Glenohumeral
muscle force and moment mechanics in a position of shoulder
instability. J Biomech 1990;23:405-15.

2. Bechtol CO. Biomechanics of the shoulder. Clin Orthop 1980;
146:37-41.

3. Chen SK. Glenohumeral kinematics in a muscle fatigue model. In:
Wu J-J, editor. Shoulder surgery. The Asian perspective. Taipei,

Taiwan: Veterans General Hospital-Taipei; 1995 p. 165-9.



1

1

1

1

1

1

1

1

1

1

2

J Shoulder Elbow Surg Bezer et al 379
Volume 14, Number 4
4. Cotton RE, Rideout DF. Tears of the humeral rotator cuff. A
radiological and pathological necropsy survey. J Bone Joint Surg
Br 1964;46:314-28.

5. Deutsch A, Altchek DW, Schwartz E, Otis JC, Warren RF.
Radiologic measurement of superior displacement of the humeral
head in the impingement syndrome. J Shoulder Elbow Surg
1996;5:186-93.

6. Gerber C, Hersche O. Tendon transfers for the treatment of
irreparable rotator cuff defects. Orthop Clin North Am 1997;28:
195-203.

7. Gerber C, Krushell RJ. Isolated rupture of the tendon of the
subscapularis muscle: clinical features in 16 cases. J Bone Joint
Surg Br 1991;73:389-94.

8. Gerber C, Hersche O, Farron A. Isolated rupture of the subscap-
ularis tendon: results of operative repair. J Bone Joint Surg Am
1996;78:1015-23.

9. Golding FC. The shoulder—the forgotten joint. Br J Radiol 1962;
35:149-58.

0. Hamada K, Fukuda H, Mikasa M, Kobayashi Y. Roentgeno-
graphic findings in massive rotator cuff tears. Clin Orthop 1990;
254:92-6.

1. Howell SM, Imobersteg M, Seger DH, Marone PJ. Clarification

of the role of the supraspinatus muscle in shoulder function. J Bone
Joint Surg Am 1986;68:398-404.
2. Iannotti JP, Gabriel JP, Schneck SL, Evans BG, Mısra S. The
normal glenohumeral relationships. An anatomical study of 140
shoulders. J Bone Joint Surg Am 1992;74:491-500.

3. Inman VT, Saunders JB, Abbott LC. Observations on the function
of the shoulder joint. J Bone Joint Surg Am 1944;26:1-30.

4. Keating JR, Waterworth P, Shaw-Dunn J, Crossan J. The relative
strengths of the rotator cuff muscles. A cadaver study. J Bone Joint
Surg Br 1993;75:137-40.

5. Poppen NK, Walker PS. Normal and abnormal motion of the
shoulder. J Bone Joint Surg Am 1976;58:195-201.

6. Poppen NK, Walker PS. Forces at the glenohumeral joint in
abduction. Clin Orthop 1978;135:165-70.

7. Sakurai G, Ozaki J, Tomita Y, Kondo T, Tamai S. Incomplete
tears of the subscapularis tendon associated with tears of the
supraspinatus tendon: cadaveric and clinical studies. J Shoulder
Elbow Surg 1998;7:510-5.

8. Warner JJP. Management of massive irreparable rotator cuff
tears: the role of tendon transfer. J Bone Joint Surg Am 2000;82:
878-87.

9. Watson-Jones R. Fractures and joint injuries. 4th ed. Edinburgh:
Livingstone Ltd; 1955.

0. Weiner DS, Macnab I. Superior migration of the humeral head.

A radiological aid in the diagnosis of the rotator cuff. J Bone Joint
Surg Br 1970;52:524-7.


	Superior excursion of the humeral head: A diagnostic tool in rotator cuff tear surgery
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES


