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'Department of Orthopaedics and

Traumatology, Ozel Cakmak Erdem ABSTRACT

Hospital, Istanbul, Turkey Objectives: To evaluate functional outcomes, radiographic findings and complications of displaced proximal humerus
2Department of Orthopaedics and fractures(PHFs) treated surgically by osteosynthesis with locking plate(OLP), to determine unpredictable results after
Traumatology, Acbadem Kozyatagi surgery and to suggest essential surgical tips and tricks.

Hospital, Istanbul, Turkey Methods: Twenty-five patients were evaluated retrospectively. Constant shoulder score, ASES shoulder score and range

of motion (ROM) were used to evaluate clinical outcome. Preoperative and final follow-up radiographs were used and
humeral neck-shaft inclination angle described by Boileau and avascular necrosis(AVN) of the humeral head evaluated by
Cruess dlassification were recorded to judge radiological outcome.

Results: Patients were 58(28-92) years old. The median Constant and ASES scores were 80(60-89) and 80(60-95)
respectively. Neck-shaft inclination angle was 135(120-144) degrees at the final follow-up. 11 patients (44%) had
complications. Major complications were AVN and varus malunion and both had a rate of 12% individually. Technical
errors during surgery, mainly placing the pate high and screw-related complications, had adverse affect on AVN and varus
malunion. Functional scores were not affected significantly by age, gender, AO and Neer fracture types and concomitant
injuries. The clinical outcome has significantly become worse if varus malunion and/or AVN proceeded. Revision rate was
20% and its leading cause was AVN.

Conclusion: Age, gender, fracture type and additional fracture elsewhere did not affect clinical outcome significantly.
OLP for PHFs had favorable radiological and clinical outcomes unless varus malunion and/or AVN of the humeral head
proceeded postoperatively. To avoid the complication of screw cutout and varus; only the cortical bone and 2cm further
were drilled and spongios bone allograft was used in case of communition in the metaphysis and “strut” bone allograft
was used in case of non-integrity in the medial metaphysis
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Mehmet Oguz DURAKBASA Amag: Kilitli plak ile osteosentez (OLP) ile cerrahi olarak tedavi edilen deplase proksimal humerus kinklarinin (PHF)

0000-0002-5886-312X fonksiyonel sonuglarini, radyografik bulgularini ve komplikasyonlarini degerlendirmek, cerrahi sonrasi éngoriilemeyen
sonuglari belirlemek ve temel cerrahi ipuglari ve piif noktalar onermek.
Yontemler: Yirmi beg hasta retrospektif olarak degerlendirildi. Klinik sonuglan degerlendirmek icin Constant omuz
skoru, ASES omuz skoru ve eklem hareket acikligi (EHA) kullanildi. Ameliyat dncesi ve son takip radyografileri kullanildi
ve radyolojik sonucu degerlendirmek icin Boileau tarafindan tanimlanan humerus boynu-saft edim agisi ve Cruess
siniflamasina gare dederlendirilen humerus basi avaskiiler nekrozu (AVN) kaydedildi.
Bulgular: Hastalar 58(28-92) yas arasindaydi. Ortanca Constant ve ASES skorlar sirasiyla 80(60-89) ve 80(60-95) idi.
Son takipte boyun-saft inklinasyon agisi 135(120-144) derece idi. 11 hastada (%44) komplikasyon goriildii. Baslica
komplikasyonlar AVN ve varus malunionu idi ve her ikisi de ayr ayr %12’lik bir orana sahipti. Basta pate'in yiiksege
yerlestirilmesi ve vidaya bagl komplikasyonlar olmak iizere ameliyat sirasindaki teknik hatalar AVN ve varus malunionu
olumsuz etkiledi. Fonksiyonel skorlar yas, cinsiyet, AO ve Neer kirik tipleri ve eglik eden yaralanmalardan dnemli 6liide
etkilenmemistir. Varus malunion ve/veya AVN ilerlediginde klinik sonug anlamli derecede kdtiilegmistir. Revizyon orani
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Surgical Outcome of Displaced Proximal Humerus Fractures

urgical treatment options for proximal humerus

fractures(PHFs) can be separated basically into

two groups; osteosynthesis and arthroplasty.
Although arthroplasty has become popular nowadays by
the new designs- namely reverse shoulder arthroplasty-
especially in the elderly people, osteosynthesis with lock-
ing plate (OLP) is still a reliable option for treating these
fractures. Both treatment modalities are fraught with
complications; on the OLP site, the the major ones being
varus malunion, avascular necrosis (AVN), technical errors
in surgery or late implant-related complications.I'

Varus malunion is attributed to osteoporotic bone and/
or medial cortex comminution.™ Intramedullary cortical
bone support®, medial calcar screws driven through the
plate™, cement augmentation of humeral head screws®),
double plating® are defined to get rid of this complica-
tion. On the other hand, technical errors and/or AVN can
lead to this complication as well and these major compli-
cations can happen in a vicious circle.

AVN of the humeral head in traumatic cases is related to
the type of the fracture and type and timing of the sur-
gery. Neer type 4 fractures and fracture-dislocations, open
reduction and internal fixation and surgery performed af-
ter 48 hours are reported as risk factors.l”

Locking plates are preferred to conventional plates for
the osteosynthesis of proximal humeral fractures because
of less mechanical complications which was reported as
11% and 50% respectively.”? These mechanical complica-
tions are usually screw-related, namely screw perforation,
screw cut-out, screw loosening, screw pull-out.”? Screw-
related complications can be lowered by respect of tech-
nical tips and tricks while performing locking plates.

Thus, the purpose of this study is to evaluate functional
outcomes, radiographic findings and complications of
proximal humerus fractures(PHFs) treated surgically by
osteosynthesis with locking plate(OLP) to determine un-
predictable results after surgery and to suggest essential
surgical tips and tricks. The hypothesis is that OLP has fa-
vorable results in PHF if surgical tips and tricks are per-
formed and major complications are avoided.

Materials and Methods

The study retrospectively evaluated 25 patients who un-
derwent OLP surgical treatment for PHFs between 2005
and 2011 at our clinic. Institutional Review Board(IRB) (E-
62977267-771-209014806) was obtained from the ethics
committee of Haydarpasa Numune training and research
hospital before starting the study. All the surgeries were
performed by a single surgeon who is specialized in shoul-
der surgery. The indication for surgery was based on Neer
criteria®, namely angulation of the humeral head great-
er than 45 degrees and displacement of the fragments
greater than 1 cm. The exclusion criteria were the cases
under bone-maturity, minimal displaced fractures accord-
ing to Neer classification, open fractures, pathologic frac-
tures and isolated fractures of the humeral tubercles. The
preoperative radiological examination consisted of true
anteroposterior(AP) and axillary X-Ray and computerized
tomography(CT) and 3-dimensional CT of the shoulder.
Neer and AO classification were used for fracture classi-
fication.® The patients were evaluated radiologically and
clinically in the postoperative final follow-up. The criteria
for radiological assessment were malunion which was
depicted by the neck-shaft inclination angle defined by
Boileau" and avascular necrosis which was evaluated by
Cruess classification". Boileau proposed that if inclination
angle is <120 degree, it is a varus mal-union; if the inclina-
tion angle is >150 degree, it is a valgus malunion. Cruess
classification delineates AVN stages as Stage 1: normal on
the X-Ray, changes on magnetic resonance imaging (MRI),
Stage 2: sclerotic changes in the humeral head where the
sphericity of the humeral head is preserved, Stage 3: sub-
chondral collapse or the sphericity of the humeral head is
distorted, Stage 4: chondral collapse and osteochondritis
dissecans, Stage 5: osteoarthritic changes in the glenoid
fossa. Constant and ASES shoulder scores calculated at
the final follow-up were used and ROM at the final fol-
low-up was measured for clinical assessment.'23

Surgical Technique

The patients were positioned in beach chair position
under general anesthesia. Anterior approach was per-
formed. Cephalic vein was found and protected and the
fracture site was exposed through the deltopectoral inter-
val. If the fracture was a Neer 2-part fracture, it was direct-
ly accessed. If the fracture was a Neer 3-part or a 4-part
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fracture or a fracture-dislocation, deltopectoral fascia was
opened, long head of biceps tendon was found and sus-
pended by a penrose drain. By opening the rotator inter-
val, one can not only access the fractured tubercles but
also by opening the tubercles as a book page expose the
humeral head as well. Humeral head was reduced to ana-
tomical position and was temporarily fixed with Kirschner
(K) wires. The tubercles were reduced thereafter. Before
the plate placement, two no2 vicryl sutures were passed
through the upper holes of the plate and two through the
holes prepared on the distal shaft of the humerus. The
plate was placed just lateral to the long head of biceps ten-
don and approximately 1 cm below to the humeral head.
The plate was stabilized proximally by K wires placed into
the holes at the top of the plate. It was also fixed distally
to the shaft of the humerus by a screw placed through the
oval hole of the plate. Intra-operative imaging was used
by taking 3 shots, namely true AP, AP in external rotation
and AP in internal rotation, to determine that the plate
and the screws were placed in appropriate height and
length respectively. In order to prevent screw cut-out only
the cortical bone and 2cm further were drilled and the
gauge to measure the length of the screw was advanced
till its advancement was blocked by the hard subchon-
dral bone. The last distal screw of the proximal part of the
plate was always used keenly in a fashion to support the
inferomedial part of the humeral head to prevent further
varus malalignment. no2 vicryl sutures which were for-
merly placed through the upper holes of the plate were
passed into the tubercles, first through the bone and then
through the rotator cuff in an over-and-over fashion and
the tubercles were closed and stabilized by these sutures.
The two no2 vicryl sutures coming from the distal shaft
were passed through the tubercles one by one and tied
to fix the tubercles to the shaft of the humerus. Spongios
bone allograft was used in case of communition in the
metaphysis and “strut” bone allograft was used in case of
non-integrity in the medial metaphysis.

Postoperative Management

All the patients used a sling for the first 3 weeks postop-
eratively. Shoulder pendulum exercises, full active ROM
exercises of the elbow and grip exercises of the hand
were begun in this period. After 3 weeks postoperative-
ly, patients stopped using the sling and active assistive
forward flexion and abduction exercises of the shoulder

were started, but shoulder rotation was not allowed. After
6 weeks postoperatively all active ROM exercises includ-
ing rotation were allowed. Weight lifting was inhibited till
12 weeks postoperatively. The patients were evaluated
clinically and radiologically in 3-week, 6-week, 3-month,
6-month, 1-year and final follow-up sequentially.

Statistical Analysis

In this study statistical analyses have been carried out by
NCSS (Number Cruncher Statistical System) and pack-
age programme of 2007 Statistical Software (Utah. USA).
The data were statistically evaluated not only by means
of definitive methods (average, standard deviation, me-
dian, interquartile range) but also comparative methods
such as Mann-Whitney U test for comparing two groups,
Kruskal Wallis test for the groups more than two, Dunn’s
multiple-test for sub-groups, Ki-square test for categori-
cal data. P values less than 0.05 is identified as statistically
significant.

Results

Fourteen(56%) patients were male, eleven(44%) were
female; mean age was 58(28-92). There were 7(%28)
two-part, 6(%24) three-part, 12(%48) four-part fractures
according to Neer classification and 8 (%32) Type A, 2
(%8) Type B, 15 (%60) Type C fractures according to AO
classification. Philos® locking plate was applied to all of
the patients. The mean follow-up duration was 25(14-82)
months. There were 7(%28) patients who had concomi-
tant injuries. 1-ipsilateral humerus distal fracture, 2-Cruris
type 3 open fracture 3-ipsilateral humerus fracture 4-ipsi-
lateral olecranon fracture 5- ipsilateral olecranon fracture
6-contralteral floating elbow 7-hemotoraks+ head trau-
ma. Bone allograft was used in 3 (%12) patients- femoral
strut in 1 patient, spongios allograft in 2 patients.

Clinical Results

Shoulder ROM values were measured as mean 130 (IQR
107-165) degrees of flexion, 125 (IQR 100-145) degrees of
abduction and 40 (IQR 20-60) degrees of external rotation.
The internal rotation degree was detected according to
the level of the hand reaching to the body and measured
as the dorsum of the hand at gluteus maximus in 3 pa-
tients, L5 in 1 patient, L3 in 10 patients, T12 in 7 patients
and between the scapulas in 4 patients.
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The median Constant score was 80(IQR 60-89). There
were 7(28%) excellent, 9(%36) good, 5(20%) fair, 4(16%)
poor results according to Constant shoulder score (Fig. 1).
The median ASES score was 80(IQR 60-95). There were 10

. Excellent (86-100) Good(71-85)
(40%) excellent, 5 (20%) good, 7(28%) fair, 3(12%) poor re- 10(%40)~. /5{%29]
sults according to ASES shoulder score (Fig. 2). | .

Constant Score . —
Poor(0-55)

Excellent(86-100 Fair(56-70) E :
xce??:etzts] \] 5(%20) \ :T;:::l-?al 3(%15)

ASES SCORE

Figure 2

Poor(0-55)

Good(71-85) 4(%186)
9(%36)

Age, gender, fracture type and concomitant injuries had
Figure 1 no effect significantly neither on Constant nor on ASES
scores (Tables IILII).

Table 1: Statistical analysis showing the effect of age and gender on Constant and ASES shoulder scores.

N:18 N:7
<60 Age 260Age Mw P
Ort+SS 76,18+18,6 72,88+18,76
Constant Score Median 82 (60-91) 77 (58-85,25) 56,5 0,502
Ort+SS 76,35+£18,25 81,13+£18,47
ASES Median 80 (60-93) 84 (61-99,5) 56,5 0,501
N:14 N:11
Male Female Mw P
Ort+SS 79,43£16,21 69,64+20,13
Constant Score Median 82,5 (63,75-92) 79 (55-83) 53 0,188
Ort+SS 81,57+14,8 73,18+21,36
ASES Median 82,5(67,5-95,75) 80 (55-95) 56,5 0,260
*MW: Mann-Whitney
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Table 2: Statistical analysis showing the effect of Neer and AO fracture types on Constant and ASES shoulder scores.

N:7 N:6 N:12
NEER 2 NEER 3 NEER 4 KW P
Ort+SS 79,14+£14,39 82,83+15,94 68,92+20,48
. 73
Constant Score Median 80 (75-87) 84 (65,25-100) (55,25-88,75) 2,53 0,282
Ort+SS 85,86+13,98 79,17+£16,56 72,58+20,25
ASES Median 88 (80-98) 77,5 75 (58,5-90,25) 233 0312
(66,25-96,25) o ' '
N:8 N:2 N:15
AO Type A B C KW P
Ort+SS 79,63+£13,39 92,50+10,61 70,40+£19,98
Constant Score
Median 81,50 (76,25-86) 92,5 (63,75-95) 67 (56-91) 3,62 0,164
Ort+SS 84,50+13,50 87,50+£10,61 73,07£19,95
ASES Median 84 (76,25-97,25) 87,5 (66-91,25) 70 (58-91) 2,28 0,320
Dunn’s Multipl Comparing Test Constant Score ASES
A/B 0,115 0,895
A/C 0,301 0,174
B/C 0,117 0,370
*KW: Kruskal-Wallis

Table 3: Statistical analysis showing the effect of concomitant injuries on Constant and ASES shoulder scores.

N:7 N:18
PHFs with concomitant injuries Isolated PHFs Mw P
Ort+SS 75,83+17,36 73,28+21,99
Constant Score Median 79,5 (61,5-89) 83 (51-91) 63 0,999
Ort+SS 79,72+16,77 73,14%21,76
ASES Median 82,5 (60-95,75) 80 (60-91) 52 0,504
*MW: Mann-Whitney
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Radiological Results

Boileau neck-shaft inclination angle was found to be
mean 135 (IQR 120-144) degrees. Three patients (12%)
had varus malunion and three patients (12%) developed
AVN which was evaluated as Stage 4 according to Cruess
Classification.

Complications

Eleven patients (44%) had complications. 4 patients had
more than one complication. Totally there were 15 com-
plications which can be listed (Table IV). Revision sur-
gery was proposed to 5 of the 11 patients complicated; 1
had AVN-+high placed plate, 1 had varus malunion+high
placed plate, 1 had AVN+screw cut-out, 1 had arthrosis
due to neglected glenoid fracture and 1 had lysis of the
greater tubercle. 3 patients refused further surgery and
AVN+high placed plate case had hemiarthroplasty and
arthrosis case had total shoulder arthroplasty. 2 patients
with screw cut-out and 1 patient with metaphyseal an-
gulation did not need any further surgical intervention as
the complications noted did not worsen the clinical out-
come. The brachial plexus palsy was transient, it healed
completely. Of the remaining 3 patients, one had AVN
and 2 had varus malunion with “moderate” results final-
ly. The main complaint was restriction of motion in these
patients and they were doing the daily activities without
difficulty. No further intervention was planned eventual-
ly. The patients with complications had significant worse
clinical results (lower Constant and ASES shoulder scores)
than the patients without complications (p=0,005 and
p=0,005 respectively) (Table V).

Table 4: Complications

N %
AVN 3 12
Varus Mal-union 3 12
Screw cut-out 3 12
High placed plate 2 8
Artrosis 1 4
Brachial plexus palsy 1 4
Metaphyseal angulation 1 4
Lysis of the greater tubercle 1 4
*AVN: avascular necrosis

Table 5: Statistical analysis showing the effect of complications

on Constant and ASES shoulder scores.

N:14 N:11
Complication | Complication MW P
(-) (+)
Ort+SS 81,53+£13,45 57,83+£17,63
Constant . 56,1
Score Median 83 (75-91) (38,5-70,75) 13 | 0,005
Ort+SS 83,84+14,27 63+16,52
ASES Median 88 (75-95) 63,1 (49-72,5) | 13,5 | 0,005

*MW: Mann-Whitney

Discussion

This study had three noteworthy findings. One was deal-
ing with the tips of surgical technique which informed
that one should never place the plate high. The other one
concluded that the outcome after locking plate osteo-
synthesis of PHFs had favorable results. The last one was
about the complications delineating that AVN and varus
malunion led to worse results.

It has been reported that functional results of patients
under 65 years of age were better than patiens over 65
years of age and this difference was related to osteopo-
rosis seen in elderly patients which lead to “screw-cut
out” complication'. On the other hand, another study
found no difference between the functional results of two
groups of patients who were under and over 60 years of
age. In the present study, there was no significant dif-
ference between the clinical results (Constant and ASES
shoulder scores) of the patients who were <60 years of
age and the patients who were =>60 years of age. This
result can be attributed to stable fixation of the fractures
by locking plates and beginning the rehabilitation pro-
gramme earlier.

It has been reported in various studies that Constant
shoulder scores were “good” in Neer type 2 and type 3
fractures and “fair” in type 4 fractures treated surgically by
locking plates.l'¢'7.181920211 Ropert el al informed that as the
number of fracture pieces increased, the functional out-
come of the patients treated surgically by locking plates
get worse.'® In the current study, there was no significant
difference between the Constant or ASES shoulder scores
of Neer type 2, 3 and 4 fractures or AO type A, B and C
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fractures. This can be interpreted as the clinical results of
PHFs were not dependent on the fracture type, but on the
complications recorded and complications can be seen in
all of these fracture types.

Avascular necrosis of the humeral head after surgical
treatment of PHFs with locking plates was reported as
0-15% in various studies.'#151617.1819.201 |t \was related to
the arterial insufficiency due to the comminution at the
fracture site or fracture-dislocation of the humeral head,
or to excessive manipulation to reduce the fracture and
excessive stripping of the soft tissues.™ The AVN rate
was found to be 12% in the present study. All of the 3
patients had collum anatomicum fractures which could
be a factor preceding AVN. Another factor to be consid-
ered was the age of 2 patients which was greater than 70;
the remaining patient was 58 years of age but she had a
fracture-dislocation as a stunning feature. We concluded
that the fracture type, namely collum anatomicum frac-
ture and fracture-dislocation and old age could be pre-
disposing factors for AVN. The surgical tip we advocate to
lower the AVN rate is to use the rotator interval to reach
the humeral head which allows minimal stripping of the
soft-tissues and reduce the humeral head gently with a
periost elevator.

Screw cut-out was reported to be the most frequent com-
plication leading revision surgery with an occurrence rate
of 21%; 14% was primary screw cut-out (placing a long
screw peroperatively) and 7% was secondary screw cut
out (collapse of the humeral head due to metaphyseal os-
teoporosis during follow-up).?? It was recorded as 12% in
the present study and all of the 3 screw cut-outs were sec-
ondary.The reason why we did not have any primary screw
cut-out can be attributed mainly to the surgical technical
tip performed, which was drilling only the cortex and the
first 2-cm of the screw pathway and then measuring the
screw length by the gauge to the point where the gauge
engaged the hard subchondral bone. The other technical
tip was taking 3 successive scopy images, namely AP, AP in
external rotation and AP in internal rotation to determine
the screw length and position were appropriate.

In another study, varus malunion was reported the most
frequent complication with a rate of 16%'e. It was detect-
ed with a rate of 12% in this study. When the 3 patients
with varus malunion analyzed, it was detected that one
had a technical error in surgery; the plate was placed
high. The other two had short inferomedial screws that
did not support the humeral calcar. We concluded that

the proper placement of the plate 1cm below the tip of
the greater tuberosity and the use of inferomedial calcar
screw long enough are two important factors that avoid
varus malunion.

Revision surgery rates for surgical treatment of PHFs with
locking plates were informed as %9-25.2 The compli-
cations which required revision surgery were reported
in frequency order as screw cut-out, varus mal-union,
AVN, subacromial and implant failure.l'"*'>'8 The revision
surgery rate was 20% in the present series. Among the 5
patients who needed revision surgery, 2 AVN, 2 technical
errors in surgery (1 high placement of the plate, 1 screw
cut-out), 1 neglected glenoid fracture and 1 lysis of the
greater tubercle were noted. We concluded that in order
to avoid revisions after locking plate of PHFs, a keen surgi-
cal technique delineated by the surgical tips of this man-
uscript, precautions to avoid AVN and a detailed glenoid
fracture examination preoperatively with CT should be
carried out.

A considerable issue to be discussed for the management
of PHFs is when to choose fixation or arthroplasty options
primarily. Hemiarthroplasty which was first introduced by
Neer can be a solution for Neer 3 or 4 part comminuted
fracture or fracture dislocations. The key point for success
is tuberosity healing and best results can be obtained in
younger patients and patients with less tuberosity com-
minution. Besides, reverse shoulder arthroplasty pro-
posed by Grammont has become a pioneer treatment
for the comminuted PHFs in the elderly people who have
dysfunctional rotator cuffs additionally. On the other
hand, prosthetic options have plenty serious complica-
tions; mainly aseptic loosening, instability, infection, re-
flex sympathetic dystrophy and periprosthetic fractures.
124251 | ooking at the fixation site, it has sufficient results if
anatomic reduction and stable fixation can be obtained.
However, it is fraught with complications'?27, the rate of
which was reported as 44% in this study. On the other
hand, the revision rate was 20% which denoted that all of
the complications did not require any further intervention
as they did not bother daily activities of the patients and
so were well tolerated. It was concluded that favorable re-
sults were obtained by locking plates in the management
of PHFs in all fracture types and age groups if the surgical
tips delineated in this study were accomplished and AVN
complication did not proceed. AVN was the major compli-
cation leading poor results and revisions.
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The pros of the study are the outcomes given after a min-
imum follow-up of 14 months and mean follow-up of 2
years. Limitations of this study include its retrospective
design and the small number of patients being involved.
The number of patients in the subgroups of the collect-
ed data on certain variables- age, gender, fracture type,
concomitant injury- could make reaching statistically sig-
nificant differences difficult which would lead to type I
error. The other limitation is that the confounding factors
such as smoking, diabetes, chronic kidney disease were
not questioned. Lastly, the whole number of patients who
were treated operatively or non-operatively for PHF in the
study period and the patients who had surgery but were
lost to follow-up were not recorded.

Conclusions

The treatment of PHFs by locking plates had favorable re-
sults in all fracture types and age groups if complications
were being avoided. Major complications leading to poor
results were AVN, varus malunion and technical errors in

surgery. AVN was the leading cause for revisions and poor
results.
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