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Abstract

Background: Isolated fracture of the lesser tuberosity of the humerus is a rare injury that is commonly
missed at initial presentation with a third of known cases having a delayed diagnosis. The purpose of this
article is to report a case of an isolated lesser tuberosity fracture that was initially misdiagnosed in the
emergency department of a metropolitan hospital and then surgically fixed with a novel technique. We
also present a review of the literature and propose a new diagnostic algorithm for the initial assessment
and management of this injury.

Case presentation: A 35-year-old male, left-hand-dominant carpentry student, presented to the emer-
gency department of a metropolitan hospital with left shoulder pain after a fall off a skateboard. He was
misdiagnosed with a soft tissue injury and discharged with a sling and simple analgesia after an anter-
oposterior (AP) radiograph failed to demonstrate the fracture. He represented two days later when or-
thopaedic examination revealed a positive Napoleon sign, further imaging including a lateral radiograph
and subsequent CT and MRI imaging demonstrated a lesser tuberosity avulsion fracture. His fracture was
fixed with four bioabsorbable suture anchors with a double row suture bridge technique. At 6 months
post-operative he achieved a constant shoulder score of 70, a range of motion including 145 degrees
abduction, 150 degrees flexion and internal rotation to T12. He had no limitations to his daily activities.

Conclusion: Our case, in addition to a literature review, reveals that a high clinical index of suspicion in
patients presenting with shoulder pain after specific mechanisms of injury and a positive belly press sign
on examination combined with special x-ray views and axial imaging can reduce the incidence of missed
isolated lesser tuberosity fractures. The literature suggests that acute cases in younger patients should
be managed operatively while a trial of econservative treatment in chronic cases is appropriate. These
findings are summarised in our newly proposed diagnostic and management algorithm.

Keywords: Shoulder surgery; Isolated fracture; Lesser tuberosity

List of Abbreviations: AP: Anteroposterior; LT: Lesser Tuberosity; MRI: Magnetic Resonance Imaging;
CT: Computed Tomography; T12: Twelfth Thoracic Vertebra

Background

Isolated fracture of the lesser tuberosity of the humerus is a rare injury occurring in
only 0.46 persons per 100,000 [1]. Two-thirds occur in adults and one-third in paediatric
age groups [2]. The primary mechanism of injury is forced abduction, extension and external
rotation to the shoulder. With the arm in this position, there is a strong eccentric contraction
of the subscapularis muscle that causes avulsion of the lesser tuberosity [3]. The diagnosis
is commonly missed at initial presentation with a third of known cases having a delayed
diagnosis [4]. The incidence of cases reported has increased in the past three decades [5].
This is likely due to the increased awareness of the injury along with improved use of clinical
and radiographic examination by clinicians. The purpose of this article is to report a case of
isolated avulsion of the lesser tuberosity that was initially misdiagnosed in the emergency
department of a metropolitan hospital and surgically fixed with a novel technique. We also
present a review of the literature and propose a new diagnostic algorithm for the initial
assessment and management of this injury.
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Case Presentation

A35-year-oldlefthand dominantcarpentrystudent presented to
the emergency department of a metropolitan hospital complaining
of left shoulder pain following a fall off a skateboard. The patient

was reviewed by a resident medical officer who examined the
patient, ordered an antero-posterior (AP) (Figure 1) and lateral
radiograph of the shoulder. The patient was misdiagnosed with
a soft tissue injury of the shoulder and discharged with a sling,
analgesia and advised to see his general practitioner for follow up.

Figure 1: Left anteroposterior and lateral shoulder radiograph.

The patient re-presented to the same institution two days
later complaining of severe shoulder pain. He described falling off
his skateboard landing on his left arm in a position of abduction,
extension and external rotation. On examination there was
extensive bruising over the anterior and medial aspect of his
left arm and on the palmar surface of his left hand. There was
tenderness on palpation over the anterior shoulder. The patient

was unable to abduct, flex or extend the left arm. Assessment of
muscle power showed grade 2 abduction, grade 3 external rotation
and grade 2 internal rotation. The patient had a positive belly
press test (Napoleon sign). Sensation testing of the upper limb was
unremarkable. A repeat lateral radiograph of the shoulder showed
alarge displaced bone fragment adjacent to the inferomedial aspect
of the glenoid (Figure 2).

Figure 2: Left lateral shoulder radiograph.
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A CT (computed tomography) scan of the shoulder
demonstrated a comminuted fracture through the lesser tuberosity
with >1cm of displacement (Figure 3 & 4). A subsequent MRI
(magnetic resonance imaging) Scan of the shoulder showed a

comminuted fracture of the lesser tuberosity of the humerus with
complete avulsion of the subscapularis muscle (Figure 5). Multiple
small interstitial tears of the supraspinatus tendon and a partial
thickness tear of teres minor were also reported.

Figure 3: Left shoulder CT scan coronal view.

Figure 4: Left shoulder CT scan reconstruction.
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Figure 5: Left shoulder coronal MRI scan.

The risks and benefits of operative versus conservative
management were discussed. Given the degree of displacement
of the fracture fragment, manual occupation and young age of the
patient, a decision was made to proceed to operative management
with the patients informed consent. His operation was performed
eleven days from his injury.

A left shoulder arthroscopy was performed which identified
no significant supraspinatus, infraspinatus or labral tear. The
biceps anchor was intact. An open deltopectoral approach was
then utilised. The lesser tuberosity fracture was identified with the
avulsed anterior compartment (Figure 6). The bicipital groove was
intact. The rotator interval was incised. A separate isolated bony
fragment was removed and prepared as bone graft.

Figure 6: Deltopectoral approach showing fracture fragment.

The lesser tuberosity was reattached in two rows with four
bioabsorbable suture anchors, (swive lock from Arthrex®), using
a suture bridge technique (Figure 7). Good reduction was achieved
with adequate range of motion of passive external rotation to 30

degrees, without displacing the repair. The rotator interval was
repaired using a side-to-side stitch and the shoulder was closed in

layers with vicryl and nylon.
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Figure 7: Fracture fragment fixation technique.

The patient was immobilised in a sling for six weeks post-
operatively and followed up in our specialist outpatient clinic.
Passive range of motion exercises were commenced from
postoperative day two with external rotation movement restricted
to neutral for three weeks. Active assisted range of motion exercises
and scapular strengthening was commenced from three weeks.
His wound was completely healed, and sutures removed at two

weeks after the operation. At six weeks, the patient had regained
60 degrees of active flexion and abduction. The patient returned to
France and was followed up by email at six months post-operative.
Through a questionnaire and photographs we were able to
approximate a constant score of 70. The patient was able to achieve
145 abduction, 150 degrees flexion and internal rotation to T12
(Figure 8.1 & 8.2)(Figure 9).

(e

Figure 8.1 & 8.2: Range of movement at six months post operative.
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Figure 9: Case presentation timeline.

Discussion and Conclusion

The first case of fracture through the lesser tuberosity of the
humerus was described by Hartigan in 1895 in a boy who fell from
a roof [6]. In 1997, a review of the literature conducted by Ogawa
presented the largest known case series of 10 cases and identified
a further 60 reported cases [4]. We have been able to identify a
further 28 cases since Ogawa’s report in 1997 taking the total
number of known case reports to 98 [2,7-29].

Isolated fracture of the lesser tuberosity of the humerus has
previously been reported as a rare event [1]. A review of humeral
tuberosity fractures by Gruson estimated that isolated lesser
tuberosity fractures account for 2% of all proximal humeral
fractures. In contrast, the incidence of isolated greater tuberosity
fractures was estimated to be 20% of all proximal humeral
fractures [9]. The true incidence and misdiagnosis rates of isolated
lesser tuberosity fractures may remain hidden as many injuries
managed non operatively have satisfactory outcomes [5]. The high
proportion of chronic cases reported in the literature suggest that
they are often overlooked at the time of injury [4]. Furthermore, a
number of authors experienced in the diagnosis and management
of this injury have reported series of cases over relatively short time
periods [4,17,30].

Fractures of the lesser tuberosity occur mostly in men under
the age of 50. Of the 98 cases identified 80 have occurred in
an individual under the age of 50 with 28 of these occurring in
adolescents under the age of 20. 66 of the 98 cases occurred in men,
21 in women and in the remainder the gender is not known to this
author.

Two main mechanisms have been described. A mechanism that
involves resisted abduction, external rotation and extension of the
shoulder has been commonly reported [4,14,15,19,22,28,29,31,32].
It is postulated that the subscapularis eccentrically contracts
protectively causing a traction force through the lesser tuberosity
resulting in avulsion [3,4]. A second mechanism of a fall on an
outstretched hand has been reported [4,11,12,15,24,30,32,33]. Itis

thought that during such a fall, the forces resulting from an axial
load on the humerus cause superior migration of the humeral head
and increased tension in the subscapularis muscle and the superior
glenohumeral ligament [4,34]. Other mechanisms described
include electroconvulsive therapy [6], electrocution [25] and
epileptic seizures [18,27]. The lesser tuberosity is protected from
direct injury due to its small size and location medial to the head
of the humerus [9]. In many cases the exact mechanism remains
unknown [4,17,18,20,26,35-37].

In acute and chronic cases, patients report anterior shoulder
pain and a reduced range of motion about the shoulder
[2,4,11,12,14,15,17-22,24,25,27,31,32,34,36-40]. Other
examination findings include severe pain with passive external
rotation [12,14,36], weakness of internal rotation [2,11,19,20,21-
23,25-29,31,32,40] and positive apprehension and relocation
tests [2,4,40]. These findings are not specific to the diagnosis of
lesser tuberosity avulsion. To specifically test the function of the
subscapularis complex, the lift off test or belly press test must be
performed [14]. The lift off test involves the patient placing the
affected hand behind the back and pushing outwards into the
examiners hand [14]. A positive test occurs when the patient is
unable to push into the examiners hand [18]. The belly press test
should be performed when the lift off cannot be due to pain or
limited range of motion. The patient places the hand of the affected
side on the belly and attempts to push down as the elbow is moved
forwards. The test is positive if the patient cannot press against the
belly while trying to internally rotate the shoulder. Several authors
report a positive lift off or belly press test in lesser tuberosity
avulsion [8,11,14,15,21,26,31,36]. The lift off and belly press tests
may be positive due to subscapularis muscle injury. Proving the
existence of a bone fragment radiologically is therefore necessary
for the diagnosis of lesser tuberosity avulsion [4].

Many cases of lesser tuberosity avulsion are missed on
initial plain radiograph [12,14,18,20,22,28,29,30,32,35]. Ross,
Ogawa and Rajani found that an anteroposterior radiograph in
internal rotation clearly demonstrated fracture fragments in cases
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where anteroposterior radiographs in neutral did not [4,28,32].
The axillary view is the most sensitive radiograph view clearly
identifying the fracture fragment when performed [2,4,11,12,15,1
8,19,21,26,29,30,32,33,37].

CT scan of the shoulder is helpful in characterising the
displacement of the fracture as well as identifying the extent of
involvement of the lesser tuberosity [4,11,18,19,20,21,22,24,25
,28,33,34]. Fractures involving the superior aspect of the lesser
tuberosity are associated with medial dislocation of the biceps
[14,30,31]. MRI scans help characterise the fracture and identify
associated injuries [8,15,17,24,26-29,36]. In cases where MRI is
not available ultrasound scan has been used to identify associated
biceps dislocation and injury to the rotator cuff [40].

Almost all authors that performed surgery utilised an open
procedure for repair via a deltopectoral approach. Two reported
cases have been managed arthroscopically with a good outcome
[15,26].

Satisfactory outcomes have been achieved with both
conservative and surgical management. Ogawa compared the
outcomes of three acute cases treated surgically with three
patients who refused surgical treatment and were treated non-
operatively. The long-term outcomes obtained by open reduction
via a deltopectoral approach were superior to those obtained by
conservative treatment [4]. Of the 28 cases we have identified since
Ogawa’s 10, 25 were managed operatively and 3 non-operatively.
All cases had a good outcome with pain free range of motion and

return to premorbid function at long term follow up.

Similar outcomes are achieved in chronic case presentations
with conservative and surgical management with the outcomes
generally being good [4,14,20,26,29,31,32,35,37,38,41].

However, most authors suggest that in acute cases where
displacement of the lesser tuberosity is greater than five millimetres
surgery should be considered particularly in young patients.
Two systematic reviews by Vavken and Spek have confirmed

better outcomes of surgical treatment compared to nonoperative
treatment in paediatric patients with displaced fractures. For this
reason, clinicians should strongly consider surgery for paediatric
patients with fractures displaced more than 5mm [5,42].

Robinson and Cottias advocated for surgical treatment over
nonoperative treatment in patients with displaced fractures and
demonstrated better outcomes [1,43]. Moreover, Cottias pointed
out that almost one-third of the initial nonoperatively treated
patients had to undergo surgery due to secondary fragment
displacement [43].

Spek’s systematic review found that there was no significant
difference between the outcomes of acute and delayed treatment
(>6 weeks) in paediatric and adult patients [5]. Many authors
however, advocate a trial of conservative management in chronic
case presentations [7,11,18,39,41,44,45].

We conclude that isolated lesser tuberosity fractures
are perhaps more common than once thought. They occur
predominantly in young males due to a mechanism that involves
forceful contraction of the subscapularis. Symptoms and signs are
variable at presentation. All patients should undergo a lift off or
belly press test to assess the integrity of the subscapularis. Imaging
is necessary to obtain the diagnosis and axillary radiograph is
the most sensitive view for detecting the fracture. Where MRI is
available, it is helpful in characterising the displacement of the
fracture and associated injuries [46]. Where it is not available,
CT scan and Ultrasound scan should be performed. In acute cases
where there is fracture displacement surgical management is
indicated and proven to achieve better patient outcomes. In chronic
cases conservative management is a reasonable option however a
low threshold for surgical management should be considered for
young healthy patients. Arthroscopic surgical management has
been found to be successful in isolated lesser tuberosity fractures
where there is no biceps displacement or other associated injury
and remains an option for the future. Figure 10 summarizes our
management algorithm based on the above findings.

Ortho Res Online ]

Copyright © Alex N Karanja



OPRO]J.000722.9(5).2022

1042

rotation

Mechanism of injury:

1- Resisted abduction, extension and external

2- Fall on gutstretched hand

Clinical examination

Positive lift off

Negative lift off

and/or belly press

X-EAYS:

1 - Anteropostenior (AP)
2- Lateral

3- Axillary

4- Internally rotated AP

| I

and/or belly press

Consider alternate
diagnosis

Isolated lesser Nao signs of
tuberosity (LT) fracture

1solated lesser
tuberosity fracture

CT and’or MRI

[ Cronic |

Acute injury Acute injury not
with/without mvelving superior
associated injuries aspect of LT and
no biceps
dislocation biceps
ORIF Consider arthroscopic
management

Consider conservative
management

Figure 10: Diagnostic algorithm for lesser tuberosity avulsion fractures.
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