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Shoulder arthroplasty for the treatment of the sequelae
of fractures of the proximal humerus

Pascal Boileau, MD,e Christophe Trojani, MD,e Gilles Walch, MD,b Sumant G. Krishnan, MD,e
Anthony Romeo, MD,¢ and Richard Sinnerton, MD, FRCS,d Nice and lyon, France, Chicago, Il and

Berks, England

The purpose of this multicenter study was to analyze the
results of shoulder arfhrop/asiy for the treatment of the seque/-
ae of proxima/ humerus fractures and establish an updated
classification system and treatment guidelines for these com-
plex situations. Seventy-one sequelae of proximal humerus
fractures were treated with shoulder rep/acemenf with the use
of the same nonconstrained, modular, and adapfab/e pros-
thesis: the Aequalis prosthesis (Tornier Inc, St Ismier, France).
The average time between initial fracture and shoulder
arthroplasty was 5 years and 5 months. On the basis of
anatomic classification schemes, sequelae were divided into 4
types: type 1, humeral head collapse or necrosis with minimal
tuberosity malunion (40 cases); type 2, locked dislocations or
fracture-dislocations (9 cases); type 3, nonunions of the surgi-
cal neck (6 cases); and type 4, severe malunions of the
tuberosities (16 cases). The mean postoperative follow-up was
19 months (range, 12 to 48 months). Overall, the postopera-
tive Constant score was excellent in 11 cases (16%), good in
19 cases (26%), fair in 18 cases (25%), and poor in 23 cases
(33%). There were 18 complications (27%). Fifty-nine of 70
patients (81%) stated that they were satisfied with the result.
The most significant factor affecting functional outcome was
greater tuberosity osteotomy (P < .005). Regarding both sur-
gical treatment and postoperative prognosis, we identify 2
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categories of proximal humerus fracture sequelae: category
1, intracapsular/impacted fractures sequelae (associated with
both cephalic collapse or necrosis [type 1] and chronic dislo-
cation or fracture-dislocation [type 2]), in which an articulat-
ing joint can be reconstructed without a greater tuberosity
osteotomy; and category 2, extracapsular/disimpacted frac-
tures sequelae (associated with both surgical neck nonunions
[type 3] and severe fuberosiiy malunions [type 4]) where the
proxima/ humerus cannot be reconstructed without a greater
tuberosily osteotomy. All of the excellent and good postopera-
tive Constant scores were obtained in type 1 and 2, in which
osteotomy of the greater tuberosi!y was not required. All
patients in type 3 and 4, who underwent a greater tuberosity
osteotomy, had either fair or poor results and did not regain
active elevation above 90°. We conclude that a greater
tuberosity osteotomy is the most likely reason for poor and
unpredicfab/e results after shoulder rep/acement arfhrop/asiy
for the treatment of the comp/ex seque/ae of proximal
humerus fractures. Shoulder arfhrop/asly for the treatment of
the seque/ae of fractures of the proxima/ humerus should be
performed without an osteotomy of the greater tuberosity
when possible. If prosthetic replacement is possible without an
osteotomy, surgeons should accept the distorted anatomy of
the proximal humerus and adapt the prosthesis and their
technique to the modified anatomy. A modular and adapf-
able prosthesis with both adjustable offsets and inclination
may allow surgeons to adapf foa /arge number of malunions
and may help to avoid the troublesome greater fuberosiiy
osteotomy in a higher proportion of cases. (/ Shoulder Elbow
Surg 2001,10:299-308.)

INTRODUCTION

Fractures of the proximal humerus, which have
received either conservative treatment or surgical treat-
ment, may result in pain and disability of the shoulder.
Among these fracture sequelae, some cases of avascular
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iTable | The 4 pathophysiologic types of sequelae of fractures of proximal humerus
Initial Delay Prosthesis Status of
Fracture Initial treatment before I'ype Osteotomy rotator cuff
sequelae fracture No. Nonop Op prosthesis Humeral Total GT LT  Normal Thin Torn
Type 1: Cephalic  3- or 4-part 20 35 5 8y, 2mo 19 21 2 0 19 17 4
collapse or valgus
necrosis (n = 40)  impacted
3- or 4-part 12
varus
impacted
4-part 1
displaced
2-part 3
anatomic
neck
2-part 4
surgical
neck
Type 2: Locked Posterior 7 9 0 1y, 7 mo 8 1 1 0 2 2 2
dislocations and locked
fracture- dislocation
dislocations Posterior 1
(n=9) fracture-
dislocation
Anterior 1
fracture-
dislocation
Type 3: Nonunion  2-part 2 2 4 3y 6 0 6 2 4 0 2
of the surgical surgical reoperation)
neck (n = 6) neck
displaced
3-part greater 2
tuberosity
4-part, already 2
operated on
Type 4: Severe 4-part 16 6 10(2 2y 13 3 116 4 7 5
tuberosity displaced reoperations)
malunion or dislocated
(n=16) fractures
Entire series 52 19 5y, 5mo 46 25 20 8 29 29 13
(n=71)

Nonop, Nonoperative procedure; Op, operative procedure; GT, greater osteotomy; LT, lesser osteotomy.

necrosis with subchondral bone collapse, certain locked
dislocations and fracture-dislocations, some nonunions
of the surgical neck with a small osteoporotic head frag-
ment, and some malunions of the tuberosities with incon-
gruity of the humeral articular surface may be indico-
tions for the insertion of a shoulder prosthesis.526,37
However, indications for shoulder arthroplasty in old
frauma remain controversial because the possible func-
tional benefit after arthroplasty has not yet been clearly
established and the prognosis remains unpredictable. *
Neer was the first author to describe the technical dif-
ficulties, the high complication rate, and the poor and
inconsistent functional results of shoulder arthroplasty in

*References 1, 8, 11, 14, 16, 18, 20, 21, 26, 29-32, 37, 40.

old trauma.2426 However, there is disappointingly little
in the literature on this subject because the number of
cases in each series is limited.T Moreover, there is some
confusion between these heterogeneous groups of old
trauma of the proximal humerus and the therapeutic
results achieved by shoulder replacement within each
group. The lack of an updated classification of the
sequelae of proximal humerus fractures may be instru-
mental in preventing communication and comparison of
treatments between different centers.

These posttraumatic sequelae usually occur in rela-
tively young and active patients, making it even more
crucial to predict prognosis preoperatively when decid-

tReferences 8, 11, 14, 16, 26, 30, 33, 38.
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Figure 1 Surgical classification of sequelae of proximal humerus fracture: 4 types of sequelae.

ing on shoulder joint arthroplasty.1940 The purpose of
this study was to evaluate the results achieved with the
use of a nonconstrained shoulder prosthesis for the
treatment of the sequelae of proximal humerus fractures
and establish an updated classification system and
treatment guidelines in these complex situations.

MATERIALS AND METHODS

Between 1991 and 1995, 70 patients (71 shoulders)
were operatively managed in a multicenter study with the
same nonconstrained shoulder prosthesis for the sequelae
of fractures of the proximal humerus. Only the sequelae of
fractures of the proximal humerus treated with a shoulder
replacement were included in this series. Patients who
underwent operative treatment for isolated arthrolysis, sub-
acromial decompression, or isolated correction of mal-
unions or nonunions were excluded from this series. The
indication for shoulder arthroplasty was pain and loss of
function that were unresponsive to nonoperative treatment
and physical therapy. There were 40 male and 30 female
patients. One patient underwent bilateral shoulder replace-
ments. The average age of the patients at the time of shoul-
der arthroplasty was 59 years (range, 30 to 87 years). The
right side was involved in 44 cases (62%), angthe domi-
nant side was involved in 42 cases (59%).

The initial fracture was classified according to the
Neer22.23 and AO17.18 classifications of fractures of the
proximal humerus. The initial lesions and initial treatments
are summarized in Table |. The cause of the initial fracture
was a fall in 31 cases, a car accident in 12 cases, a

seizure in 4 cases, and unknown in 24 cases. No vascular
injuries occurred with the initial fractures. Two transient
axillary nerve lesions, which were present at the time of
fracture and resolved spontaneously, were documented.
There was one associated glenoid fracture in a patient with
a posterior fracture-dislocation.

Fifty-two patients (73%) underwent nonoperative treat-
ment of the original fracture, and 19 (27%) underwent a
previous operative procedure to fix the initial fracture. Of
these 19 patients, 3 had also undergone a subsequent revi-
sion surgery before the shoulder arthroplasty. The average
time between the initial fracture and the insertion of the
shoulder prosthesis was 5 years and 5 months (range, 7
months to 26 years).

The clinical charts, operative reports, and preoperative
and postoperative radiographs were retrospectively
reviewed for all patients at a mean postoperative follow-up
evaluation of 19 months (range, 12-48 months). Patients
were clinically evaluated, both preoperatively and at the
latest follow-up evaluation, with the scoring system
described by Constant and Murley,” which covers pain,
activity, mobility, and force. Strength was measured with a
spring balance with the patient sitting straight in a chair to
avoid spinal compensation. The arm was held horizontal to
the scapula, and a dynamometer scaled in 0.5kg incre-
ments was attached to the wrist. The patient was asked to
resist the downward pressure exerted by the assessor and
to keep his or her arm in the horizontal position for 5 sec-
onds. This test was repeated 5 times, and the force regis-
tered. The score was adjusted for age and sex. Radio-
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Table Il Functional results of shoulder arthroplasty
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Fracture
sequelae

Pain elevation
(Constant score)

Active external
rotation
Preop — review (gain)

Pain anterior

Preop — review (gain)

Intracapsular/impacted

Type 1: Cephalic collapse or necrosis (n = 40)

Type 2: Locked dislocations or fracture-dislocations (n = 9)
Extracapsular/disimpacted fracture sequelae

Type 3: Surgical neck nonunions (n = 4)

Type 4: Severe tuberosity malunions (n = 16)

Entire series (n = 71) 10.7

12/15
11.5/15

7/15
9.5/15

87° — 133° (+46°) 0° 5 40° (+40°)
57° - 114° (+57°) 2° 15 42° (+44°)
50° — 63° (+13°) 10° — 26° (+16°)
58° = 91° (+329) _5° 5 20° (+25°)
74° — 102° (+28°) 0° = 34° (+34°)

graphic evaluation for each patient consisted of preopera-
tive and postoperative follow-up anteroposterior views of
the shoulder in neutral, internal, and external rotation. A
scapular profile view (58 cases) and an axillary view (50
cases) were often available both preoperatively and post-
operatively. Two observers (PB. and C.T.) performed the
radiographic evaluations first independently and then con-
currently. They definitively classified difficult or controversial
cases after discussion to reduce misinterpretation.35.36 Sta-
tistical analysis was performed with the Student t test for
numeric data, with %2 analysis for nonparametric data. The
level of significance was set at P < .05.

Pathophysiologic classification

Faced with the enormous variability of the lesions seen
late and their many possible combinations, we were initial-
ly confronted with a problem of terminology and classifica-
tion of the different sequelae of fractures of the proximal
humerus. Originally, the fracture sequelae were grouped as
a heterogeneous series within which various different
lesions coexisted, such as malunion with avascular necro-
sis of the humeral head, nonunion, or a locked fracture-
dislocation. A literature review of published series demon-
strated the same confusion, making any comparison
between results impossible.* Most authors studied limited,
heterogeneous groups of old fractures and combined the
results obtained for various different lesions. Some authors
included nonunions of the surgical neck and locked
fracture-dislocations in their series, T whereas others studied
them separately or excluded them entirely.12.13,28,30,34,38
Therefore it seemed that the inconsistent results reported
with the use of shoulder prostheses to treat fracture seque-
lae were partly due to this enormous variability in the
anatomic lesions and the resulting comparisons between
very heterogeneous groups of sequelae. Starting from this
basis, we determined that the first logical step was to try to
categorize the sequelae of fractures of the proximal
humerus. A study of the natural history of the different frac-
tures and how they developed into their sequelae allowed
us to understand the lesions that clinically presented later.
By studying the initial radiographs and those at later stages,
and by reviewing the operative notes, we were able to dis-
tinguish 4 basic pathophysiologic types of lesions that,
when present, dominated the clinical picture and allowed
the fracture sequelae to be grouped as follows (Table ).
*References 1, 8, 10, 11, 14, 26, 29, 31, 33, 34, 37.
tReferences 1, 8, 10, 11, 14, 16, 27, 29, 31, 38.

Type 1: Humeral head collapse or necrosis with mini-
mal tuberosity malunion (40 cases). With the use of the
Ficat staging system for osteonecrosis,? necrosis was clas-
sified as stage Il in 19 cases and stage IV in 21 cases. The
initial fractures in this group were dominated by 3- and 4-
part fractures impacted either in valgus (20 cases) or in
varus (12 cases), leading to slight malunion of the tuberosi-
ties. The initial treatment had been nonoperative in 35
cases and operative in only 5. Overall, the time between
the initial fracture and the prosthetic replacement averaged
8 years and 2 months, and 6 of the patients underwent
surgery more than 20 years after their fracture. Greater
tuberosity osteotomy was required in only 2 cases.

Type 2: Locked dislocations or fracture-dislocations (9
cases). This group consisted of 7 locked posterior disloca-
tions with greater than 50% head collapse, one posteriorly
locked 2-part fracture-dislocation, and one anteriorly locked
fracture-dislocation. In all cases the lesion had gone unrec-
ognized and received no treatment. The time between the
initial rauma and prosthetic replacement was 1 year and 7
months on average. In this group only one partial osteoto-
my (with incomplete detachment) of the greater tuberosity
(in the anterior dislocation case) was required.

Type 3: Nonunion of the surgical neck (6 cases).
Nonunions of the surgical neck followed either nonoperat-
ed 3-part fractures, with rotation of the humeral head frag-
ment and significant displacement of the greater tuberosi-
ty, or 2- and 4-part fractures that had undergone primary
surgery. The time between the initial fracture and the pros-
thesis was, on average, 3 years. A greater tuberosity
osteotomy was necessary in all cases, and 2 cases also
required a lesser tuberosity osteotomy.

Type 4: Severe malunion of the tuberosities (16 cases).
The initial fracture was a displaced or dislocated 4-part frac-
ture with disimpaction of the head. In 6 cases the initial freat-
ment had been nonoperative. The other 10 cases had under-
gone a total of 12 interventions (10 primary surgeries and
2 revisions). The operations included one open reduction
combined with a posterior bone block, one open reduction
revised after 2 years to debride the joint of periarticular ossi-
fication, and 8 open reductions with internal fixation, in
which various materials (screws, plates, staples, and/or
inframedullary nails) were used. The average time between
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Table Il Complications

Complications n
Perioperative fractures (4 diaphysis, 1 metaphysis) 5
Greater tuberosity early loss of fixation 1
Greater tuberosity nonunion 4
Greater tuberosity osteolysis 4
Anterior dislocation 1
Transitory neurologic lesions (radial nerve) 1
Late infection 2
Total 18

the initial trauma and shoulder replacement was 2 years. In
11 cases it was impossible to implant a shoulder prosthesis
without performing a greater tuberosity osteotomy, and in é
cases a lesser tuberosity osteotomy was also required.

Surgical technique

In this series all patients underwent operative treatment by
senior shoulder surgeons who used the same criteria for oper-
ative selection, the same operative technique, the same pros-
thetic implant, and a uniform postoperative rehabilitation
protocol. These parameters were controlled in a prospective
manner. An extended deltopectoral approach was used in
70 cases. A superior transacromial approach was used in 1
case. Table | illustrates the type of prosthesis (hemiarthro-
plasty or total arthroplasty), the associated bone procedures
(tuberosity osteotomy), and the status of the rotator cuff at the
time of surgery. On 8 occasions the joint was approached
by means of an osteotomy of the lesser tuberosity with sub-
scapularis attached to improve mobilization. Whenever pos-
sible, the greater tuberosity was not osteotomized, and the
prosthesis was implanted by attempting to adapt the implant
to the modified anatomy. A greater tuberosity osteotomy was
indicated in 20 cases, because the excessive displacement
of the bone fragments made it otherwise impossible to recon-
struct the anatomy of the proximal humerus with a prosthesis.
Great care was taken to leave enough bone attached to the
rotator cuff to allow solid fixation of the tuberosities to the dia-
physis. After the osteotomy had been performed, the rotator
cuff was released medially on its deep and superficial sur-
faces. Any capsular retraction was released at the glenoid
edge to allow the tendon to be advanced laterally. At the end
of the procedure, the tuberosities were fixed both to the
implant and to the humeral shaft with heavy nonabsorbable
sutures. An autologous bone graft, taken either from the
residual humeral head or from the iliac crest, was added in
8 of the cases of tuberosity osteotomy. A rotator cuff tear was
reported and repaired in 13 cases; in 7 of these, the rupture
involved 2 tendons (supraspinatus and infraspinatus), and in
6, there was a single tendon rupture (4 supraspinatus and 2
infraspinatus tears). The biceps tendon was tenodesed 9
times (13%). Fifteen acromioplasties were performed with the
goal of improving the space for the tuberosities under the
coracoacromial arch or to protect the cuff repair. The head
was carefully dislocated with adduction, external rotation,
and extension to minimize the risk of a humeral shaft frac-
ture. Despite this aftention, there were 4 diaphyseal fractures
and one metaphyseal fracture in the series. The humeral
head osteotomy was usually minimal and was not even
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Figure 2 Preoperative (Pre-op] and postoperative (Post-op] Con-
stant score: functional result is significantly better in category 1,
intracapsular/impacted sequelae of proximal humerus fractures.

required in some cases of collapse or necrosis affer impact
ed fractures. Because of bony distortion, reaming the
intramedullary canal was often difficult. All humeral stems
were cemented in place after a cement restrictor was insert-
ed. The implant used was the Aequalis shoulder prosthesis
(Tornier Inc, St Ismier, France), the concept of which is based
on anatomic studies that have demonstrated variations in the
dimension and especially the shape of each individual prox-
imal humerus.2:3.15 The possibility of changing the position
of the articular surface by changing inclination and offsets
was used in this series to adapt the prosthesis to the potential
distorted anatomy of the proximal humerus. Forty-six hemi-
arthroplasties (65%) and 25 total shoulder arthroplasties
(35%) were carried out. A cemented polyethylene glenoid
component was used in 23 of the total shoulder replace-
ments. In the other 2 cases a metalbacked glenoid compo-
nent, whose primary bone fixation comes from 2 expansion
screws, was used.

Postoperative passive mobility was begun the day after
surgery, and the rehabilitation program followed Neer’s
recommendations.23.24,:26 No active muscular activity was
started until a complete range of passive movement had
been achieved and until bony healing of the tuberosity
osteotomies was observed on the radiographs (6-8 weeks).
All patients had a home physiotherapy program, and 45
patients benefitted from a stay in a specialist rehabilitation
center for an average of 35 days.

RESULTS

The overall functional results, calculated with the Con-
stant score, were excellent in 11 cases (16%), good in
19 cases (26%), fair in 18 cases (25%), and poor in 23
cases (33%). The preoperative and final follow-up results
for pain and active mobility are detailed in Table |.

Results differed depending on the pathophysiologic
type of lesion (Figure 1). In types 1 and 2 (cephalic col-
lapse or necrosis and locked dislocations or fracture-
dislocations, respectively), results demonstrated pain
reduction (11.7 points out of 15), recovery of active
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MECHANISM ACUTE FRACTURE LATE SEQUELAE
Humeral head Greater Tuberosity
* Valgus impacted / with cephalic
Medio-lateral Moderate collapse and
Compression ¢ Varus impacted ( Impacted / necrosis
Still connected ampmm] Intra-
* Posteriorly dislocated with diaphysis Capsular)
Antero-posterio and impacted Fracture
Compression Sequelae \
Anteriorly dislocated with locked
and impacted dislocation
with sugical
Major / neck
Rotation, ¢ Disimpacted and (Disimpacted nonunion
translation rotated Extra-
Disconnected =™ capsular)
from diaphysis Fracture
Compression, * Disimpacted and Sequelae \ with severe
Rotation, Shear dislocated (Ant.-Post.-, tuberosity
Med.-Lat.) |_malunion |

Figure 3 Relationship between mechanism of initial fracture and final sequelae. Ant, Anteriorly; Post, posteriorly; Med, medially;

Lat, laterally.

anterior elevation beyond the horizontal (average 123°,
gain +51°), and recovery of active external rotation
(average 41°, gain +42°). In types 3 and 4 (nonunion
of the surgical neck and severe tuberosity malunion,
respectively), results demonstrated slight reduction in
pain (8.2 points out of 15), no recovery of anterior ele-
vation beyond the horizontal (average 77°, gain +22°),
and slight recovery of active external rotation (average
23°, gain +20°). Adjusted for age and sex, the Constant
score achieved after shoulder arthroplasty averaged
73% in types 1 and 2 (cephalic collapse or necrosis with
slight malunion and locked dislocation or fracture-
dislocations, respectively). It was only 58.5% in types 3
and 4 (nonunions of the surgical neck of the humerus
and severe tuberosity malunions, respectively).

Fifty-nine of the 70 patients in the series (81%)
declared themselves as being satisfied or very satisfied
with the result. The 10 patients who were disappointed
with the operation and the 2 patients who were unhap-
py all had type 3 or type 4 sequelae. The Constant
score significantly correlated with the subjective result
(P=001).

Osteotomy with complete detachment of the greater
tuberosity was performed in 20 cases. This procedure
was necessary in the most severe tuberosity malunions
(11 cases). Greater tuberosity osteotomy was also per-
formed in all 6 cases of nonunion of the surgical neck
in order to separate the 2 tuberosities and remove the
remaining fibrous tissue between the tuberosity and
the diaphysis. Only 2 cases of cephalic collapse with
tuberosity malunion and 1 case of locked anterior frac-
ture-dislocation required a greater tuberosity osteoto-

my (one of them being partial). There was a significant
difference with regard to functional result between the
patients who required an osteotomy of the greater
tuberosity and those who did not (P < .005). Patients
who required osteotomy of the greater tuberosity
demonstrated significantly less recovery of active ante-
rior elevation (mean, 82°; range, 15° to 130°) com-
pared with patients who did not have an osteotomy of
the greater tuberosity (mean, 123°; range, 75° to
175°). In contrast, patients who underwent isolated
lesser tuberosity osteotomy demonstrated no signifi-
cant change in active anterior elevation when com-
pared with patients who required no lesser tuberosity
osteotomy (mean, 132°%; P = .6)

We did not find any statistical correlation, either
overall or in any specific group, between the function-
al results and the following parameters: age at the time
of shoulder arthroplasty, sex, time between initial frac-
ture and prosthesis, initial freatment of the fracture (non-
operative or operative), type of initial surgical treat-
ment (closed or open), type of prosthesis (hemiarthro-
plasty or total arthroplasty), or type of rehabilitation
(home therapy or rehabilitation center).

In this series there were 18 recorded complications
(27%), 6 of which occurred perioperatively. These com-
plications demonstrate the technical difficulties of these
surgeries and are summarized in Table lll. Complica-
tions were significantly more frequent in patients who
required greater tuberosity osteotomy than in those
patients in whom greater tuberosity osteotomy was not
necessary (P =.005). All complications concerning the
greater tuberosity (nonunion, bone resorption, tuberos-
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ity migration) occurred after osteotomy, leading to a
significantly worse functional result measured by the
Constant score compared with that in patients who did
not have a greater tuberosity osteotomy (P < .005).

Four patients required revision surgery, and of these,
3 had lesions classified as either type 3 or type 4. In 2
of the cases, the prosthesis was removed because of late
infection. Both of these patients had undergone a previ-
ous surgical attempt to reduce and fix the initial fracture
before prosthetic replacement. Surgical debridement
and antibiotics were used to eradicate the infections.
No attempt was made fo reimplant a shoulder prosthe-
sis, and the functional result was poor in both cases.
One patient underwent an acromioplasty 9 months after
the shoulder replacement because of anterosuperior
impingement due to low placement of the prosthesis;
radiographs demonstrated that the top of the greater
tuberosity was 6 mm higher than the level of the pros-
thetic head. Results in this patient were improved for
pain but not for function. Finally, one patient presented
with failure of fixation of the greater tuberosity osteoto-
my 3 weeks postoperatively when, having already
achieved complete passive elevation, she complained of
pain and sudden loss of function. Radiographs revealed
posterior and superior migration of the greater tuberosi-
ty, and this was surgically reattached with metal sutures.
Her functional result was fair, with elevation of only 90°
and episodic pain.

DISCUSSION

Sequelae of fractures of the proximal humerus are
one of the most difficult situations to treat in shoulder
reconstruction. An anticipated and reliable functional
result is usually difficult to establish because of the com-
plexity of the bone loss and resultant deformity. For
these reasons, shoulder arthroplasty is considered by
many authors to be an unpredictable treatment for frac-
ture sequelae of the proximal humerus* Moreover,
because these patients are usually younger and more
active than those treated for osteoarthritis or rheumatoid
arthritis, a preoperative prognosis is even more crucial
when deciding on shoulder joint replacement.4:26,40

Analysis and grouping of the 4 pathophysiologic
types of lesions and specific correlations in our series
have allowed us to propose a new surgical and prog-
nostic classification system for the sequelae of fractures of
the proximal humerus. Two categories of fracture seque-
lae can be distinguished (Figure 1): category 1, intra-
capsular/impacted fracture sequelae, associated with
both cephalic collapse or necrosis (type 1) and chronic
dislocation or fracture-dislocation (type 2), in which an
osteotomy of the greater tuberosity for prosthetic replace-
ment is not required; and category 2, extracapsular/dis-
impacted fracture sequelae, associated with both surgi-
cal neck nonunions (type 3) and severe tuberosity malu-
nions (type 4), in which an implant usually cannot be
*References 1, 8, 11, 14, 16, 18, 21, 26, 29, 31, 37, 40.
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Figure 4 Radiograph (A) and MRI (B) of type 1 sequela of a prox-
imal humerus fracture, with minimal displacement of greater
tuberosity and impaction of head fragment (type 1). After shoulder
arthroplasty (C), there was an excellent functional result (D), despite
the slight distortion of the anatomy of the proximal humerus.

inserted without osteotomy and repositioning of the
greater tuberosity. The type of initial fracture, the tech-
nical difficulties, the complications, and the functional
outcomes are clearly different for these 2 categories of
fracture sequelae (Figure 2, Tables | and ll). In this study,
statistically significant differences were seen in prosthet-
ic replacement between those fracture sequelae in which
a greater tuberosity osteotomy was performed and those
in which this procedure was not performed. All of the
excellent and good functional results were obtained in
the intfracapsular/impacted sequelae category, in which
a greater tuberosity osteotomy was not required. With
the extracapsular/disimpacted category, in which pros-
thetic arthroplasty required greater tuberosity osteotomy
and repositioning, results were poor and no patient
regained active anterior elevation above 90°.

In extracapsular sequelae of fractures of the proximal
humerus, there is often a disimpaction and/or a rotation
of the humeral head. This displacement of the humeral
head, which remains outside the capsule, leads to a
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Figure 5 Radiograph demonstrating the false impression of
greater tuberosity upward migration in type 1 fracture sequela, due
to valgus impaction of the head fragment: measurement of greater
tuberosity fo acromion distance is normal (A). The radiographic
preoperative planning helps to anticipate adaptation of prosthesis
to modified anatomy (B).

major and intolerable displacement of the tuberosities.
Figure 3 summarizes the relationship between the mech-
anism of the initial fracture and the final sequelae. As
evidenced in our series, when a greater tuberosity
osteotomy is necessary for tuberosity repositioning
accompanying prosthetic implantation, the greater
tuberosity does not seem to tolerate this second “frac-
ture.” Devascularization of the greater tuberosity, leading
to tuberosity nonunion, migration, and resorption, is
probably the reason for these poor results.6.8:10.26 We
believe that this new classification system provides a
coherent pathophysiologic basis for the sequelae of prox-
imal humerus fractures and allows the operative indica-
tions, the potential technical problems, and the postopera-
tive prognosis to be more clearly and predictably defined
during the important preoperative planning stages.

The negative prejudicial effect of a greater tuberosity
osteotomy in prosthetic replacement of the shoulder has
been suggested by many authors.>:6,16.26,37,40 Neer26
himself has already suggested “cheating” in the border-
line malunions by using a prosthesis with a small stem
and a small head, in a varus position, to avoid having to
perform a greater tuberosity osteotomy. As Neer23.25 fur-
ther emphasized, greater tuberosity nonunion is respon-
sible for weakness of the infraspinatus, one of the key
muscles in active elevation. He suggested that by main-
taining continuity of the tuberosity and the cuff with the
diaphysis, there is no need to slow down rehabilitation
until there is bony consolidation. The greater tuberosity is
often only slightly displaced in type 1 and 2 sequelae,
following those fractures that are intracapsular/impacted
(Figure 4). Hence, it is often possible to remove enough
bone from the deep surface of the greater tuberosity to
allow implantation of the humeral component and  still
maintain continuity of the tuberosity and the rotator cuff.
Retrospectively, we feel that the 3 osteotomies performed
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Figure 6 Radiograph of type 3 sequela of proximal humerus
fracture, with severe displacement of the greater tuberosity and
nonunion of the surgical neck (A). Despite the accurate recon-
struction of the anatomy of the proximal humerus (B), functional
result is poor, with active elevation below the horizontal level (C)
and painful shoulder, but good rotation (D). Greater tuberosity
osteotomy is the reason for this poor functional result because of
persistent nonunion and bone resorption.

» T

in type 1 and 2 sequelae in this series could have been
avoided and were not indicated. In our radiographic
review we observed that there is often a false impression
of superior migration of the greater tuberosity in these
infracapsular/impacted fractures because of varus or val-
gus impaction of the humeral head fragment: measure-
ment of the greater tuberosity to acromion distance
demonstrates only slight narrowing or even a normal
space (Figure 5). Superior malposition of the greater
tuberosity in these cases usually remains limited: the bone
fragment remains hooked on the diaphysis because of
the neutralizing forces between the supraspinatus (pulling
superiorly) and the infraspinatus and teres minor (pulling
inferiorly). This explains why greater tuberosity osteotomy
can often be avoided in type 1 and 2 sequelae at the
time of shoulder arthroplasty.

In contrast, isolated osteotomy of the lesser tuberosity
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was not detrimental to the functional results of shoulder
replacement in this series and possibly even augmented
restoration of active elevation beyond the horizontal
plane. The beneficial nature of an isolated lesser tuberos-
ity osteotomy in old frauma of the proximal humerus has
already been pointed out by Neer.26 He described par-
tially or totally excising the lesser tuberosity to reattach the
subscapularis to the supraspinatus in order fo recover full
external rotation in such difficult posttraumatic conditions.

Analysis of each of the 4 individual types of lesions,
within the 2 main categories of fracture sequelae,
revealed that the functional results achieved with shoul-
der arthroplasty in nonunion of the surgical neck (type
3) were the worst in our series. The average normal-
ized Constant score at last follow-up was only 57%.
None of these patients regained elevation above the
horizontal plane, and 3 still had annoying pain. The
only real benefit of the surgery was the recovery of a
satisfactory range of external rotation (Figure 6). Treat-
ment of nonunion of the surgical neck is a difficult task,
as first illustrated by the 35 failed repair attempts in the
50 nonunions in the series of Neer.25 Nicholson et al2”
are the only authors to report that humeral head
replacement is comparable, if not superior, to open
reduction and internal fixation of these nonunions, pro-
viding 60% to 80% satisfactory results. Our own expe-
rience and that of other authors4,8,13,28,29,34 ryns con-
trary to this; filling of the intramedullary canal by the
prosthesis often prevents union of the tuberosities to the
humeral shaft. For these reasons, further emphasized
by the poor results obtained in this study, we now
believe that replacement arthroplasty should be aban-
doned in the treatment of surgical neck nonunions. We
believe that arthroplasty should only be proposed in
cases of long-standing nonunion, in which the humeral
head has totally resorbed or collapsed. Union of the
tuberosities to the humeral shaft should be the primary
goal of treatment. We have previously reported our
experience with a large intframedullary autogenous
iliac crest bone graft (intramedullary bone peg) with
internal fixation and cancellous bone grafting for the
treatment of these nonunions.3? This technique has
resulted in satisfactory function and mobility of the
shoulder in our series. In our opinion, this or a similar
technique should be the first (and possibly only) treat-
ment for nonunions of the surgical neck of the humerus.

Furthermore, as in other series in the literature, the
poor results achieved with shoulder arthroplasty in
severe tuberosity malunions (type 4) are also reflected in
our study. Consequently, surgeons should anticipate a
limited functional result when implanting a shoulder
arthroplasty in type 4 sequelae of proximal humerus
fractures (long-standing surgical neck nonunions and
severe tuberosity malunions) because of the necessity to
perform a concomitant greater tuberosity osteotomy. In
those clinical situations, surgeons should inform the
patient preoperatively of the postoperative prognosis,
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and both the surgeon and the patient should only expect
a prosthetic replacement with a “limited goal” result. A
promising option for such difficult situations is to consid-
er implanting a reversed constrained prosthesis (Delta;
Depuy Orthopaedics, Warsaw, Ind). Ongoing studies
are currently investigating this technique in Europe.

Finally, we recognize the limitations of this study in
attempting to establish treatment guidelines when the
average postoperative follow-up is only short term,
especially with a multicenter data collection. However,
the essential message demonstrated by our results is
consistent with that of the published literature: the risk
of poor results associated with osteotomy of the greater
tuberosity in prosthetic replacement should lead sur-
geons to abandon the idea of reconstructing normal
anatomy of the proximal humerus “at any cost.” It may
be necessary to accept some deformity of the proximal
humerus to preserve good postoperative functional
results. If prosthetic replacement is possible without an
osteotomy, surgeons should accept the distorted anato-
my of the proximal humerus and adapt the prosthesis
and their technique to the modified anatomy. Adapta-
tion of the shoulder prosthesis to the distorted anatomy
is extremely useful, avoiding the need for a greater
tuberosity osteotomy in many cases. Because we had
at our disposal a modular and adaptable shoulder
prosthesis, it was offen possible to reapproximate the
distorted anatomy of the proximal humerus by chang-
ing the inclination and/or offsets of the prosthetic artic-
ular surface. The capability of varying inclination and
translating the articular surface superiorly (superior off-
set) was particularly useful in the sequelae of 4-part val-
gus impacted fractures, whereas in locked posterior
dislocations or fracture-dislocations, the prosthesis was
inserted after translating the articular surface posterior-
ly. In our opinion the use of such adaptive surgical tech-
niques, and the avoidance of a greater tuberosity
osteotomy whenever possible, will result in a shoulder
prosthetic replacement with a more predictable chance
of a good or excellent functional result.
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