Tuberosity malposition and migration: Reasons for poor
outcomes after hemiarthroplasty for displaced fractures of

the proximal humerus
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The purpose of this study was to evaluate the results of
hemiarthroplasty for displaced proximal humeral frac-
tures and to assess clinical and radiologic parameters
that could explain unsatisfactory results. Sixty-six con-
secutive patients (45 women and 21 men) with a
mean age of 66 years (range, 31-85 years) were fol-
lowed up postoperatively for a mean of 27 months
(range, 18-59 months), both clinically and radiologi-
cally. Subjectively, 29 patients were very satisfied, 9
were satisfied, and 28 were unsatisfied. Postoperative
active elevation averaged 101° = 33°, external rota-
tion averaged 18° = 15° and internal rotation aver-
aged the L3 level (=3 vertebrae). The absolute Con-
stant score averaged 56 of 100 points (range, 20-95
points). Initial tuberosity malposition was present in 18
patients (27%). Tuberosity detachment and migration
were noted in 15 patients (23%). Tuberosity migration
could be observed after initial tuberosity malposition-
ing, as well as after initial correct positioning. Final
tuberosity malposition occurred in 33 patients (50%)
and correlated with an unsatisfactory result, superior
migration of the prosthesis, stiffness or weakness, and
persistent pain. Factors associated with failure of tuber-
osity osteosynthesis were poor initial position of the
prosthesis (specifically, excessive height and/or retro-
version), poor position of the greater tuberosity, and
women over age 75 years (likely with osteopenic
bone). Techniques to improve tuberosity osteosynthe-
sis, including modifications to current prosthetic design
and instrumentation to allow for a more anatomic re-
construction, should lead to more predictable and sat-
isfactory results. (J Shoulder Elbow Surg 2002;11:
401-12.)
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INTRODUCTION

Although displaced proximal humeral fractures in-
volving the tuberosities and the articular surface are
often treated by hemiarthroplasty, the results remain
unpredictable. In 1970 Neer3© reported the results of

rosthetic replacement in displaced 3- and 4-part
Eoctures and fracture-dislocations of the proximal
humerus: excellent or satisfactory results were ob-
tained in 90% of the patients.2?-32 However, a critical
review of the literature reveals that no other studies
have been able to reproduce the results obtained by
Neer.* These other authors have reported less satis-
factory or even disappointing results with stiff and
painful shoulders, demonstrating that shoulder re-
placement itself is not a guarantee of successful out-
come in these complex injuries.

Unpredictable results may be related to the relative
infrequency of these fractures, and a lack of experi-
ence of the treating surgeon potentially may contrib-
ute to inexact technique.!2:4.6.10.27.43 | fqct, recent
authors have questioned the original recommenda-
tions of Neer and Stableforth that comminuted frac-
tures of the proximal humerus should be treated with
prosthetic replacement.30.39

The purpose of this prospective multicenter study
was to evaluate the results after hemiarthroplasty for
displaced proximal humeral fractures and to assess
clinical and radiologic parameters that could both
explain unsatisfactory results and guide future treat-
ment considerations.

MATERIALS AND METHODS

Between 1991 and 1996, 73 consecutive acute 3- and
4-part displaced proximal humeral fractures underwent op-
erative treatment with the same nonconstrained shoulder
prosthesis. All patients were treated under the direct super-
vision of a senior shoulder surgeon at 8 different centers. All
fractures were classified by the Neer and AO systems.22.29
The classification was established by the preoperative ra-
diographs, a preoperative computed tomography (CT) scan
(performed in 38 four-part fractures), and the intraoperative
findings, to minimize intraobserver and interobserver vari-
ability of the different classifications.25.3¢.37 Three patients

*References 8, 12-17, 19, 20, 24, 26, 33, 39, 41, 42, 44.
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Table 1 Anatomopathology of 66 acute fractures (Neer and AO
classifications)

Type of fracture No.
4-Part displaced or dislocated (C3) 30
Anterior 14
Posterior 3
Lateral 8
Inferior 5
4-Part valgus impacted (C2) 21
4-Part varus impacted (C2) 8
3-Part with displaced greater tuberosity (B2) 4

3-Part dislocation with surgical neck and
greater tuberosity displaced (B3) 3
Total 66

who died and 4 who were lost to clinical follow-up were
excluded from the study, leaving 66 patients for clinical and
radiographic evaluation.

The mean age of the patients at the time of the trauma
was 66 years (range, 31-85 years). There were 45 women
(68%) and 21 men. The right side was affected in 45% of
patients, and the dominant arm was involved in 62%. The
cause of the initial fracture was a simple fall in 63%, a
motor vehicle accident in 28%, and a seizure with a sub-
sequent fall in 9%. There were associated fractures in 8
cases: 4 contralateral upper limb fractures (1 olecranon
fracture, 2 distal radial fractures, and 1 metacarpal frac-
ture) and 4 lower limb fractures (1 pubic ramus fracture, 1
femoral fracture, 1 tibial fracture, and 1 medial malleolar
fracture).

In 3 cases an unsuccessful attempt at reduction with the
patient under general anesthesia had been made prior to
the definitive surgery. In 2 cases osteosynthesis had been
attempted, either in the days preceding the arthroplasty (1
case) or at the same time as the arthroplasty (1 case). All
fractures underwent operative treatment with prosthetic
hemiarthroplasty within 3 weeks of injury and, on average,
within 5 days of the inciting frauma.

Of the 66 fractures available at review, there were 7
three-part fractures and 59 four-part fractures (Table ).

Surgical technique

The operative technique was standardized and followed
the principles detailed by Neer.4.10.30.31.43 An extended
deltopectoral approach, without detachment of the anterior
deltoid, was used in all cases, and the coracoacromial
ligament was preserved. A longitudinal cuff tear involving
the supraspinatus was present in 4 cases of anteroinferior
fracture-dislocation and was repaired by side-to-side sutures
in each case. Whenever possible, the periosteal attach-
ments between the tuberosities and the diaphysis were
preserved. A glenoid fracture at the anteroinferior border of
the articular surface was present in 5 cases; all were small
enough fo be ignored without compromising glenohumeral
joint stability.

After sutures were placed through the bone-tendon junc-
tion of the lesser and greater tuberosity fragments, the
humerus was prepared through use of cylindrical broaches.
All surgeons used the same nonconstrained implant (Aequa-
lis prosthesis; Tornier, Inc, St Ismier, France). The prosthesis
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was cemented in all cases. The size of the prosthetic head
was chosen affer measurement of the diameter of the frac-
tured head with a caliper. Nine fractures, which had me-
taphyseal-diaphyseal extensions, required complementary
osteosynthesis, with either cerclage sutures (8 cases) or
cerclage wire (1 case). In 2 cases an extra-long stem was
required because of extension of the fracture into the diaph-
ysis.

Tuberosity osteosynthesis was performed with the use of
heavy (No. 5), nonabsorbable sutures. The goal was to
attach the tuberosity fragments to the humeral shaft, to each
other, and to the prosthesis.#3%.43 Cancellous bone graft,
taken from the humeral head, was placed between the
tuberosities and the diaphysis to facilitate bony union. The
biceps tendon was tenodesed in 26 cases (43%).

Rehabilitation was started with pendulum exercises on
the first postoperative day and followed the principles of
early passive motion emphasized by Neer.5:30 Forty-seven
patients (seventy-one percent) were transferred to a rehabil-
itation center for a mean stay of 6 weeks (range, 3-12
weeks). The initial rehabilitation period lasted 6 to 8 weeks
and consisted of only passive pendulum exercises, passive
external rotation, and passive anterior elevation. After 6 to
8 weeks, active rehabilitation was started. Patients were
instructed to participate in a supervised therapy program
for at least 1 year after the surgery. Unsatisfactory cooper-
ation with rehabilitation occurred in 20 patients (30%) who
were elderly (15 cases over 80 years old) or had alcohol-
ism (5 cases).

Patients were clinically and radiographically evaluated
postoperatively at 3, 6, 12, and 24 months and then
yearly. Their charts, operative reports, and preoperative/
postoperative radiographs were reviewed by 2 observers
(P.B. and L.T.). The mean follow-up was 27 months (range,
18-59 months). The functional result was calculated by the
Constant scoring system.!! Pain was assessed with a visual
analog score and was categorized on a 4-level scale as
none, mild, moderate, or severe. Range of motion was
measured with a goniometer. Muscular strength was mea-
sured with a spring balance that measured up to 50 kg; 2
points were given for each kilogram pulled. The patient was
sitting and the elbow was held straight while the patient
maintained resisted elevation for a period of 5 seconds. The
test was done at 90° of flexion or whatever level below 90°
could be reached without pain. Three power measurements
were carried out. The mean of the 3 readings was accepted
as the shoulder power. Activities of daily living were as-
sessed according to the recommendations of Constant,
achieving points for ability to work, to perform leisure or
sports activities, and to attain undisturbed sleep.

A detailed questionnaire concerning 10 tasks of daily
living was also used to evaluate the functional ability of
each patient. Finally, patients were asked if they were very
satisfied, satisfied, disappointed, or unhappy with the func-
tional result.

The clinical results were also graded as excellent, satis-
factory, or unsatisfactory, according to Neer and Mcll-
ven.3? For an excellent result, the patient had no or slight
pain, had active elevation superior to 140°, had external
rotation superior to 50°, and was very satisfied or satisfied
with the result. For a satisfactory result, the patient had no,
slight, or moderate pain only with vigorous activities, had
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more than 90° of active elevation, had external rotation to
50% of the normal side, and was satisfied with the proce-
dure. For an unsatisfactory result, these criteria were not
met. In the shoulders in which revision or reoperation was
necessary, the grade assigned was unsatisfactory.

All preoperative and postoperative radiographic evalu-
ations were standardized anteroposterior (AP) in 3 rota-
tions (internal, neutral, and external) and the lateral and
axillary views. The quality of the humeral reconstruction
was analyzed preoperatively and at the last review by
evaluation of the position of both the tuberosities and the
prosthesis in the horizontal and vertical planes. Bilateral
scaled radiographs of humeri were obtained at the most
recent follow-up in 39 cases to measure and compare
humeral length on both sides. A CT scan of the operated
shoulder was carried out in 23 cases, in which the greater
tuberosity could not be clearly seen on the standard radio-
graphs, in an attempt fo localize it and measure prosthetic
retroversion.

Initial tuberosity malposition

Initial tuberosity malposition in the vertical plane (ITMV)
was evaluated on the immediate postoperative AP radio-
graph in neutral rotation. A line, tangent to the top of the
prosthetic head and perpendicular to the axis of the stem of
the prosthesis, was drawn. According to previous anatomic
studies, the greater tuberosity was considered correctly
positioned when it was visible, and its summit was between
5 and 10 mm below the summit of the prosthetic
head.421.35 |f the greater tuberosity was 10 mm inferior to
the tangent line of the head, it was considered to be too
low. If the greater tuberosity was 5 mm superior to the
tangent line of the head, it was considered to be too high.

Initial tuberosity malposition in the horizontal plane
(ITMH) was also evaluated. The greater tuberosity was
considered to be malpositioned if it was not visible on the
postoperative AP view in neutral rotation. In these cases, the
greater tuberosity was found to be hidden behind the pros-
thetic head and neck, with no bone lateral to the prosthetic
fine. The AP radiograph in internal rotation, axillary view,
or lateral view then showed the piece of greater tuberosity.

The total number of initial tuberosity malposition (ITMs)
was given by summing the numbers of vertical and horizon-
tal tuberosity malpositions (ITM = ITMV + ITMH). However,
this number took into account the fact that some patients
may have tuberosity malposition of both tuberosities.

Final tuberosity malposition

Final tuberosity malposition in the vertical plane (FTMV)
was evaluated on the last postoperative AP radiograph with
the same technique of measurement and the same criteria
used for the ITM.

Final tuberosity malposition in the horizontal plane
(FTMH) was diagnosed when the greater tuberosity was not
found on the last postoperative AP view in neutral or exter-
nal rotation but was found either on the AP view in internal
rotation, axillary view, or lateral view or on CT scan.

The total number of final tuberosity malpositions (FTMs)
was given by summing the numbers of vertical and horizon-
tal tuberosity malpositions (FTM = FTMV + FTMH). Again,
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this number took into account the fact that some patients
have malposition of both tuberosities.

Tuberosity detachment and migration

Tuberosity detachment and migration (TDM) was evalu-
ated by comparing the initial and final position of the
tuberosities on AP radiographs or on CT scans (or both).
Malunion, nonunion, and bone resorption were carefully
assessed.

Prosthetic “height” (or humeral length)

The humeral length was determined on bilateral scaled
radiographs in 39 cases by plotting the prosthetic axis
(middle of the proximal medullary canal) and measuring the
distance between two perpendicular tangents to this axis:
one at the top of the prosthetic or humeral head and the
other at the middle of the medial epicondyle. According to
a previous anatomic study, a difference of less than 10 mm
between both humeri was considered to be normal.¢ When
humeral lengths were compared, the prosthesis was consid-
ered to be too high if the difference in length was superior
to 10 mm and too low if it was inferior to 10 mm.

Prosthetic retroversion

Prosthetic retroversion was measured on CT scans in 23
cases. Axial images of both the proximal humeral articular
surface and the distal medial and lateral epicondyles of the
elbow were superimposed on the same panel. Retroversion
was calculated by measuring the angle subtended by the
articular surface of the prosthesis relative to the transepicon-
dylar axis of the elbow. According to previous anatomic
studies, prosthetic retroversion was considered to be normal
when it was between 0° and 40° in relation fo the transepi-
condylar line.4.9.21.23.35.40

Proximal migration of prosthesis

Proximal migration of the prosthesis was evaluated by
measurement of the acromiohumeral distance on the final
AP radiograph in neutral rotation—the distance between
the summit of the prosthetic head and the line of sclerosis of
the acromion, measured on an AP view in neutral rotation.
A distance of less than 7 mm indicated proximal migration
of the humerus.2!

Periarticular ectopic bone formation

Periarticular ectopic bone formation, as classified by
Sneppen et al,38 was also evaluated.

Radiolucent lines around prosthetic stem

Radiolucent lines around the prosthetic stem were also
evaluated. A complete lucent line, greater than or equal to
2 mm at the bone-cement interface, was considered evi-
dence of radiographic loosening of the humeral prosthesis.

Statistical analysis

Statistical analysis was performed with the Student t test
for numerical data and correlation and regression tests for
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Figure 1 Absolute Constant score (mean, 56 points).

Table Il Active anterior elevation at final review (mean, 101°)

Active anterior No.

elevation (n = 66) %
0°-30° (O points) 0 0
30°%-60° (2 points) 5 7.5
60°90° (4 points) 12 18
90°-120° (6 points) 30 45.5
120°-150° (8 points) 15 22.5
150°-180° (10 points) 4 6.5

Table 1l Severity of pain (mean, 11.5/15 points)

No.
Severity of pain (n = 66) %
Severe (0-4 points) 1 1.5
Moderate (5-9 points) 7 11
Mild (10-14 points) 38 57.5
None (15 points) 20 30

nonparametric data. The level of significance was setat P <
.05.

RESULTS
Clinical results

At final review, the absolute Constant score aver-
aged 56 out of 100 points (range, 20-95 points).
Figure 1 summarizes the values o?the absolute Con-
stant score. The Constant score, normalized for age
and sex, averaged 74% (range, 31%-116%).

The results were rated as excellent in 15 patients
(22.5%), good in 16 (24.5%), fair in 22 (33%), and
poor in 13 (20%). Postoperative active elevation av-
eraged 101° (range, 30°-175°) (Table Il). Mean ac-
tive external rotation was 17.5° (range, 0°-42°).
Mean active internal rotation was L3 (range, greater
trochanter to T8).

Postoperative pain scores averaged 11.5 of 15
points (range, 0-15 points). The severity of pain is
summarized in Table Ill. Eight patients (12.5%) had
moderate or severe pain.

Mobility scores averaged 22.1 of 40 points
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Table IV Scoring for activities of daily living

Function (normal or with mild Rating
compromise) (%)
Use back pocket 92
Wash opposite axilla 76
Comb hair 38
Carry 4-6 kg with arm at side 56
Use hand with arm at shoulder level 65
Use hand with arm above head 47
Care for perineum 87
Eat with utensils 76
Sleep on affected side 56
Dress self 70

(range, 2-40 points), activity 12.5 of 20 points
(range, 4-20 points), and muscular strength 8.5 of 25
points (range, 2-18 points). The mean strength, in
active anterior elevation measured with a spring bal-
ance, was 3.7 kg (range, 0-9 kg).

The functional evaluation for 10 activities of daily
living is summarized in Table IV. The most common
limitations in case of fair or poor results were inabili
to sleep on the affected sitﬁa, carry a weight, com
hair, or use the hand above shoulder level.

Patient satisfaction was also evaluated; 29 patients
(44%) were very satisfied with the results, 9 (14%)
were satisfied, 28 (42%) were disappointed, and 1
was unhappy. The obijective functional results ob-
tained by calculating the Constant score were in
significant agreement with the patients’ own subjec-
tive opinions of outcome (P = .001).

Radiographic results

Initial Tuberosity Malposition. [TMV was present in
12 cases (18%). The greater tuberosity was consid-
ered to be too low (10 mm inferior to the tangent line
of the head) in 8 cases; it was considered to be too
high (5 mm superior to the tangent line of the head) in

cases.

ITMH was present in 15 cases (23%), the greater
tuberosity being too posterior (not visible on the post-
operative AP view). The lesser tuberosity was too
medial in 3 cases (ie, it was located medial to the
humerus on the AP radiograph in neutral rotation).

The total number of ITMs, given by summing both
vertical and horizontal tuberosity malpositions (ITM =
[TMV + ITMH), was 18 (27%). Both tuberosity mal-
positions could be present in the same patient; for
instance, the greater tuberosity could be too low and
too posterior or too high and too posterior (Figure 2).

Final Tuberosity Malposition. FTMV was present in
20 cases (30%). The greater tuberosity was too high
in 11 cases and too low in 9 cases.

FTMH, evaluated on the last postoperative AP ra-
diograph, on axillary views, and on CT scan, was
present in 19 cases (28%).
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Figure 2 ITM due fo excessive height and retroversion of the
prosthesis. A, Postoperative AP view in infernal rotation demon-
strates that the prosthesis is too high (proud prosthesis/+10 mm)
and that the greater tuberosity is too posterior. B, AP view in
external rotation at review shows that the greater tuberosity is
hidden behind the neck prosthesis with proximal humeral migra-
tion. €, Posterior malposition of greater tuberosity and malunion
are visible on CT scan, as well as excessive retroversion (the
prosthetic head does not face the glenoid surface). D, Poor
active anterior elevation.
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The total number of patients with an FTM was 33
(50%). This number takes into account the fact that
some patients may have tuberosity malposition in
both the vertical and horizontal planes. It includes the
number of [TMs plus the number of TDMs.

Tuberosity Detachment and Migration. TDM was
observed in 15 cases (23%). Tuberosity migration
could be observed after initial tuberosity malposition-
ing, as well as after initial correct tuberosity position-
ing: 5 patients had tuberosity migration despite an
anatomic initial tuberosity reconstruction and synthe-
sis (Figure 3). Tuberosity resorption was present in
only 3 cases (4%). This bone resorption was only
partial and was associated with tuberosity malposi-
tion or migration in every case. Finally, there were 11
cases of tuberosity nonunion (17%) and 26 cases of
tuberosity malunion (39%).

Prosthetic “height” (or humeral length). The pros-
thesis was considered to be too high, or “proud,”
(>10 mm), when compared with the contralateral
humerus, in 10 of 39 cases (26%). The prosthesis was
considered to be too low (>10 mm) in 14 of 39 cases
(36%).

Prosthetic retroversion. Prosthetic retroversion was
greater than 40° (relative to the transepicondylar
axis) in 9 of 23 cases (39%). No prosthesis was found
to be anteverted.

Proximal migration of prosthesis. Proximal migra-
tion of the prosthesis was present in 15 cases (22%),
as demonstrated by an acromiohumeral distance
(AHD) less than 7 mm on the final AP radiograph in
neutral rotation.

Periarticular ectopic bone formation. Periarticular
ectopic bone formation was present in 7 shoulders
(10.5%): only 2 patients had grade Il ossifications
(true scapulohumeral bridge). Ectopic bone formation
did not correlate with the functional results in this
series.

Radiolucent lines around prosthetic stem. A com-
plete radiolucent line around the prosthetic stem
greater than 1T mm was present in 4 cases (6%), and
16 (24%) had an incomplete lucent line less than 1
mm in width. No radiographic loosening (complete
lucent line =2 mm) of the humeral prosthesis was
observed in this series.

Correlations

Final Tuberosity Malposition. FTM significantly cor-
related with a poor functional result. A high greater
tuberosity, located 5 mm or more above the top of the
prosthetic head, was associated with a poor func-
tional result (P = .01). A low greater tuberosity,
located 10 mm or more below the top of the prosthetic
head, was also associated with a poor functional
result (P =.02). A posterior greater tuberosity located
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behind the neck of the prosthesis was also associated
with a poor functional result (P = .007).

Malposition of prosthesis. Malposition of the pros-
thesis, either in height and/or in retroversion, signifi-
cantly correlated with a poor functional result. A
proud prosthesis, with any elongation greater than
10 mm, was associated with a poor functional result
(P = .02). This was detrimental for both active eleva-
tion (P = .03) and pain (P = .02). A proud prosthesis
was also associated with proximal migration of the
prosthesis under the acromion, as shown by a de-
crease in the AHD to less than 7 mm measured on the
final AP radiograph in neutral rotation (P = .001). A
low prosthesis was less detrimental for the functional
result. A shortening of less than 10 mm was not
associated with a poor result. However, if the short-
ening was greater than 15 mm, the Constant score
decreased significantly (P = .05). Excessive pros-
thetic retroversion, greater than 40° (in relation to the
transepicondylar axis of the elbow), was associated
with a poor functional result (P = .006). In those
cases, active anterior elevation averaged only 78°
and active external rotation averaged only 6°. In
addition, excessive retroversion was associated with
a decrease in the AHD inferior to 7 mm (P = .001).

Malposition of the prosthesis significantly corre-
lated with tuberosity malposition. A proud prosthesis
was associated with a malposition of the greater
tuberosity (superior and/or posterior, P = .04). A
prosthesis implanted with retroversion greater than
40° relative to the transepicondylar axis of the elbow
was significantly associated with a posterior malpo-
sition of the greater tuberosity (P = .001). The worst
association was a prosthesis that was too high and
too retroverted with a low greater tuberosity: this
“unhappy triad” was present in 5 cases and was
significantly associated with migration of the greater
tuberosity and proximal migration of the prosthesis
under the acromion in all cases. The functional result
was also poor with persistent pain and stiffness in all
cases.

Age and sex. Age and sex significantly correlated
with greater tuberosity migration and poor outcomes.
Women over 75 years old had poorer results (P =
.05).

Complications

Three patients had perioperative neurologic com-
plications involving the axillary nerve. All 3 lesions
were partial and recovered. One patient sustained an
anterior dislocation when she fell 18 months after
surgery. The anterior dislocation was reduced with
the patient under general anesthesia. Although the
functional result was poor, with active anterior eleva-
tion of only 45°, the patient did not have pain and did
not want to undergo further surgery.



J Shoulder Elbow Surg Boileau et al 407
Volume 11, Number 5

Figure 3 Tuberosity migration despite initial correct positioning of both the prosthesis and the tuberosities. A, Immediate postoperative
radiograph demonstrates correct position of both the tuberosities and the prosthesis. B, Radiograph at review demonstrates both the
tuberosity migration (greater and lesser tuberosities) and the prosthesis ascension under the acromion. GT, Greater tuberosity. €, Posterior
migration of the greater tuberosity on CT scan. D, Axillary view demonstrates greater tuberosity (GT) malunion. E, Poor functional result with
poor anterior elevation.
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DISCUSSION

This study demonstrates that the functional results
after hemiarthroplasty for 3- and 4-part proximal hu-
meral fractures appear to be directly associated with
tuberosity osteosynthesis. The most significant factor
associated with poor and unsatisfactory postopera-
tive functional results was malposition and/or migra-
tion of the tuberosities. Initial tuberosity malposition
was present in 18 patients (27%). TDM was observed
in 15 patients (23%). Final tuberosity malposition
occurred in 33 patients (50%). Tuberosity malposition
and migration resulted in an unsatisfactory result with
superior migration of the prosthesis, stiffness, weak-
ness, and persistent pain. Factors associated with a
failure of tuberosity osteosynthesis in this study were
as follows: poor initial position of the prosthesis, poor
position of the greater tuberosity, and women over 75
years of age (likely with osteopenic bone).

The fact that tuberosity malposition and migration
is associated with poor functional results is not surpris-
ing because of the modified lever arm for glenohu-
meral abduction.®34 Greater tuberosity displacement
has been identified by Tanner and Cofield*! as being
the most common complication after prosthetic arthro-
plasty for proximal humeral fractures. Furthermore,
Bigliani et al' examined the causes of failure after
prosthetic replacement for proximal humeral fractures
and found that, although almost all failed cases had
multiple causes, the most common single identifiable
reason was greater tuberosity displacement.

Neer?8-30 emphasized the importance of proper
positioning of the shoulder implant with regard to
humeral height and retroversion in replacement ar-
throplasty for proximal humeral fractures.32 Correctly
establishing the height and retroversion of the hu-
meral prosthesis is difficult in fracture cases because,
except in rare cases, the proximal anatomic land-
marks have disappeared as a result of bone
loss.10.26.31.43 |t may also be technically difficult to
maintain the prosthesis in an accurate position during
both trial positioning and final cementation: often,
either the diameter of the stem is oversized and fills
the canal (placing the prosthesis in a proud position)
or it is undersized (placing the prosthesis in a low
position).®

In this series of patients, lengthening of the hu-
merus of more than 10 mm because of a proud
prosthesis significantly correlated with tuberosity de-
tachment and proximal migration of the prosthesis
under the acromial arch with limited function. Length-
ening of the humerus seems to create two potentially
undesirable consequences: (1) a possible nonunion
between the greater tuberosity and the humeral di-
aphysis because the prosthesis protrudes from the
shaft and (2) a possible rotator cuff stretch or tear
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because of excessive tension on the supraspinatus
(Figures 2 and 4).

Shortening of the humerus was much better toler-
ated clinically; functional results were not significantly
altered until the humeral shortening exceeded 15
mm. This finding confirms previously published
work?:20 and is in agreement with Neer and Kirby,3!
who stated that a loss of humeral length is extremely
common in prostheses for fractures and that a loss of
2 cm or more is necessary to adversely affect deltoid
power.

Proper positioning of the shoulder implant with
regard to humeral retroversion is another challenge in
3- and 4-part fractures. Neer,28 in 1955, wrote that
“the surgeon must remember that the normal humeral
head faces posteriorly about 20 degrees. The proper
amount of retroversion can be rese?ected daily if the
two epicondyles are palpated at the elbow and the
head is turned about 20 degrees from their plane.”
However, as shown in this study, properly selecting
prosthetic humeral retroversion in fracture situations
can be difficult, even for experienced shoulder sur-
geons. The most common mistake was found to be
excessive refroversion of the prosthesis (Figure 2).

We believe that the functional consequences of
increased retroversion of the humeral prosthesis in the
treatment of proximal humeral fractures have been
underestimated until now.%:¢ The 9 cases in this study
with retroversion of the prosthesis exceeding 40°
relative to the transepicondylar axis of the elbow
were all associated with posterior migration of the
?reoter tuberosity and a poor functional result at
ollow-up. Positioning the prosthesis with too much
retroversion precludes the correct positioning of the
greater tuberosity in the horizonto|pp|one. Excessive
prosthetic retroversion also has the potential effect of
inducing a detachment of the greater tuberosity, be-
cause o? excess tension on the tuberosity repair when
the arm is in internal rotation (which is the usual
postoperative position in a sling) (Figure 5).

As demonstrated by the results of this study, pros-
thetic positioning directly and significantly influenced
both the final status of the greater tuberosity and the
postoperative functional outcome. Surgeons should
realize that it is almost impossible to reduce the
tuberosities anatomically if the prosthesis is malposi-
tioned. The worst combination in our series was a
prosthesis that was too proud and too retroverted with
a greater tuberosity that was positioned too low; this
unhappy triad inevitably leads to posterior migration
of the greater tuberosity with a poor functional result.

When the greater tuberosity is not visible on the AP
radiograph, other authors have interpreted this find-
ing as being the result of bone lysis or Eone resorption
in the healing phase of the osteosynthe-
sis.10.14,15,26,43 |n ouyr series the greater tuberosity
was, in fact, present even in 3 cases of partial oste-
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Figure 4 Tuberosity migration after shoulder replacement for fracture. A, Proud prosthesis and poor positioning of lesser tuberosity. B, Two
years postoperatively (p.o.), the greater tuberosity (GT) is not visible on the AP view and there is a proximal migration of the prosthesis. C,
Posterior migration of greater tuberosity is visible on CT scan. *; initial position of greater tuberosity.
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Figure 4 D, Posterior glenoid impingement due to greater tuberosity (G.T.) displacement and malunion is visible on axillary view. E, Poor

abduction.

olysis. The greater tuberositg was posteriorly malpo-
sitioned (and/or migrated) behind the metorneck of
the prosthesis, only being visible on an AP radio-
grcth in internal rotation, an axillary radiograph,
and/or a CT scan (Figure 4).

All of the authors since Neer have stressed the
necessity of meticulous and strong fixation of the
greater tuberosity osteosynthesis with nonabsorb-
able sutures.4:10.13.31.32.43 |n gl cases in the
present series, large-diameter (No. 5 or 7) nonab-

sorbable sutures were used to secure both tuberos-
ity fragments horizontally and vertically, to ensure
better stability and facilitate bony consolidation
with the humeral diaphysis. Fixation of the tuberos-
ities, regardless of quority, does not seem capable
of withstanding the forces generated when the hu-
meral prosthesis is positioned too high or too retro-
verted. However, some of the tuberosity failures
occurred despite apparently anatomic prosthesis
and tuberosity positioning (Figure 3). It is our inter-

Figure 5 Consequences of an excessive prosthetic retroversion in fractures. A,The prosthesis is cemented with an excessive retroversion.
B, Osteosynthesis is possible with the arm in external rotation €, but leads to pull-out the sutures when the arm is in neutral rotation D, and
posterior migration of the greater tuberosity when the arm is placed in internal rotation (arm in a sling at the end of the procedure).
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pretation that perhaps these tuberosity detachments
and migration were related to suture breakage on
the rough surface of the metal prosthesis and/or to
obstruction of the healing process by the metal of
the prosthesis.

Prevention of tuberosity malposition and migration
appears to be of paramount importance in shoulder
replacement for fractures. Exact and accurate posi-
tioning of the prosthesis in fracture situations, with
regard to both height and retroversion, appears to be
an essential step for a successful osteosynthesis of the
tuberosities. Most of the errors in restoring anatomic
humeral height and appropriate retroversion seem to
occur because of eyeball positioning of the humeral
prosthesis in fracture treatment. Thus, we believe that
it may be relevant to consider the use of instrumenta-
tion to stabilize the implant and to position the hu-
meral component more accurately and objectively in
both height and retroversion during the treatment of
acute proximal humeral fractures with a prosthetic
hemiarthroplasty. Accurate tuberosity positioning, in
both horizontal and vertical planes, is another impor-
tant technical factor that surgeons should control. In
case of doubt, we recommend an intraoperative ra-
diograph to evaluate both the prosthetic and tuberos-
ity position.

We believe that the current design of standard
humeral prostheses may not be appropriate to the
fracture situation; an excess of metal at the neck level,
as demonstrated from the CT scan cuts, makes greater
tuberosity placement difficult and may also obstruct
bone healing. Modification in current prosthetic de-
sign to allow for more accurate tuberosity placement
(and hence aid bone healing) should lead to more
predictable and satisfactory results.

We also believe that the postoperative position of
the arm should be altered in an attempt to decrease
the horizontal plane forces on the greater tuberosity
osteosynthesis from the infraspinatus and teres minor.
It is now our practice to place the arm in a brace in
neutral rotation instead of a sling in internal rotation.

Finally, the degree of osteopenia in these challeng-
ing cases should not be overlooked. We now recom-
mend slowing the rehabilitation program in elderly
patients, especially in women over 75 years of age.
We do believe that the primary goal in shoulder
replacement for fractures of the proximal humerus
must be to obtain anatomic tuberosity healing. Every-
thing, including technical and technologic innova-
tions, should be aimed at reaching this goal.37:40

We thank M. Basso (Giens), J. F. Kempf (Strasbourg), L.
Favard (Tours), J. C. Lehuec (Bordeaux), and H. Mestdagh
(Lille) for providing some of the cases in this study.
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