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Abstract Surgical treatment of most displaced proximal
humerus fractures is challenging due to osteoporosis.
Locking plates are intended to provide superior mechan-
ical stability. In a prospective multicentre study 131
patients were treated with second generation locked
plating (NCB-PH, Zimmer, Inc.). The open procedure
(n="78) was performed using a deltopectoral approach; the
minimally invasive technique (2=53) involved percutane-
ous reduction and an anterolateral deltoid split approach.
Clinical and radiological follow-up was obtained. Im-
provement in function (ROM) was statistically significant.
Fracture type (AO) had the most significant impact on the
incidence of complications. The most frequent complica-
tions detected were intra-articular screw perforation (15%)
and secondary displacement (8%). Complication rate and
functional outcome of the NCB-PH are comparable to
reports in the literature. Not all problems are likely to be
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solved by this new generation of implants, i.e. secondary
dislocation still occurred in 8% of our patients.

Introduction

Fractures of the proximal humerus are a common injury and
account for 5% of all fractures and 45% of all humerus
fractures. It is a typical injury of the elderly patient and is
mostly related to osteoporosis [1]. Surgical options for
treatment are numerous, including anatomical reconstruc-
tion using extra- or intramedullary fixation techniques or
hemiarthroplasty [2—4]. Besides anatomical reconstruction,
a major goal of head-preserving procedures is to achieve
high primary stability, allowing early functional rehabilita-
tion. This is hard to achieve in osteoporotic bone which
makes surgical treatment of these fractures a challenge [5,
6]. Failure of fixation is a common problem especially with
conventional plating techniques [7-9].

Fixed-angle devices have been developed to enhance
fracture stability [10]. Biomechanical in vitro studies con-
firmed the superior mechanical strength of these new devices
compared to conventional implants [11, 12]. The clinical
experience is rapidly growing [13—16]. A fixed-angle device
of the second generation for treatment of proximal humeral
fractures is the NCB® PH (non-contact-bridging for the
proximal humerus) plate (Zimmer, Inc.) [17]. The system
allows both open and minimally invasive (MI) application.
Early clinical results in smaller populations have been
promising [18, 19]. The objective of this prospective,
multicentre study was to investigate the clinical outcome and
complication rate of this device in a bigger population and to
analyse the influence of the open and MI surgical techniques
on the results.
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Materials and methods
Implant and surgical technique

The titanium plate is anatomically precontoured and is
available in two versions, either with four holes or five holes
on the plate shaft. Screws can be inserted with a radius of 30°
(polyaxial screw placement) and allow plate-to-bone com-
pression for fracture reduction against the plate. Angular
stability can be achieved by secondary insertion of a locking
cap [17].

A radiolucent aiming system is available for MI plate
insertion which defines a diverging screw position. The
plate is attached to the handle bar and inserted sub-
muscularly, maintaining the distal plate tip on the bone to
protect the axillary nerve. The following steps are important
for the MI technique. First, the screws should be inserted
with a sleeve protection assembly and a drill guide. Second,
after the stab incision in the skin, blunt dissection down to the
plate is performed with scissors. Third, an oscillating drill
technique is used [18].

In both open and MI techniques the patient is positioned in
the beach-chair or supine position to allow two plane
intraoperative C-arm image intensifier views. The C-arm is
placed at the head of the operating table. For the open surgical
technique, open reduction and internal fixation (ORIF) is
performed using a standard deltopectoral approach. The MI
technique uses a deltoid split approach starting at the antero-
lateral acromion [18]. Fracture reduction is performed
percutaneously as described previously [17, 20].

In 92 cases the four-hole shaft version of the plate was
used, and in 39 the five-hole shaft version.

Patients were immobilised postoperatively in a sling.
The time of immobilisation and the exact rehabilitation
scheme was at the discretion of the participating hospitals.

Patient population

The indication for surgery was based on the Neer criteria
according to which fragment displacement of >1 cm or
>0.5 cm for the greater tuberosity, shaft displacement of
>10 mm, angular displacement of >45°, destruction of the
medial metaphyseal column and an intraarticular step-off of
>2 mm was always considered an indication for surgery
[20, 21]. Exclusion criteria for the study were pathological
fractures, open fractures, inability to give informed consent,
pregnancy and age less than 18 years. Additionally, patients
were excluded when operated upon by surgeons who had
performed less than three cases using the implant. Accord-
ing to the criteria given above and after consent from the
local ethics committees had been obtained, a total of 131
consecutive patients (91 women, 40 men) were included
prospectively. These patients underwent surgery between
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October 2004 and December 2006 (27 months) in the
orthopaedic trauma departments of five different hospitals
(Ulm, Germany = ULM; St. Gallen, Switzerland = KSSG;
Cremona, Italy = CREM; Tibingen, Germany = BGTUB;
Dordrecht, Netherlands = DORD). Among the participating
hospitals there were three level 1 trauma centres (ULM, KSSG
and BGTUB) and two level 2 trauma centers (CREM and
DORD). Seventy-eight patients (60%) were treated by open
reduction and 53 (40%) with the MI technique.

The distribution of patients among the five hospitals was
23 at ULM (n=22 M1, n=1 open), 50 at KSSG (n=50 open),
25 at CREM (n=18 MI, n=7 open), 21 at BGTUB (n=7
MI, n=14 open), and 12 at DORD (n=6 MI, n=6 open). The
average age was 67 years (range 18-93).

The most frequent type of fracture according to the AO
classification system was type B (n=54; 41%) [22]. There
were 30 (23%) type A and 47 (36%) type C fractures. The
left shoulder was affected in 68 (52%) and the right shoulder
in 63 (48%) patients. In 71 (54%) patients the dominant arm
was affected.

Follow-up

In total, 107 patients were included (75 women, 32 men;
average age 66.1 years, range 18.5-91.8), with a follow-up
rate of 82%. Twenty patients were lost to follow-up, because
they could not be contacted using the documented telephone
number and address or because the informed consent initially
given was withdrawn. Four patients died due to causes
unrelated to the fracture. Sixty-one patients (42 women, 19
men; average age 65 years, range 25.6-89.5) were treated by
the open surgical technique, and 46 (33 women, 13 men;
average age 67.6 years, range 18.5-91.8) were treated with
the MI surgical technique. Data were collected at discharge,
at six weeks, and at three, six and 12 months postopera-
tively. The mean follow-up period in this study was
9.5 months (range 6-12). Sixty-three patients were seen
one year postoperatively.

At each follow-up, range of motion (ROM) was
determined and an iADL score (instrumental activities of
daily living) was applied. Additionally, this score was
applied retrospectively for the preoperative situation. The
iADL score questions eight activities of daily living (1, put
on a coat; 2, sleeping on painful side; 3, washing the back/
fastening a bra; 4, toilet hygiene; 5, combing hair; 6,
reaching an overhead shelf; 7, lifting 5 kg above shoulder
level; 8, throwing a ball). Each activity could be assigned
three points maximum (3 for no problems, 2 for mild
problems, 1 for very difficult, O for impossible). All items
had the same weighting. The overall result for the iADL
score was then divided by the number of items answered,
which led to a maximum score of 3 points. The subjective
outcome for pain and mobility was assessed using the
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Table 1 OR (operating room)

time, X-ray (XR) time, blood Procedure ~ OR time (minutes) XR time (minutes) Blood loss (ml) Hospital stay (days)

loss and hospital stay

(MI minimally invasive, Mean Range Mean Range Mean Range Mean Range

*p<0.05, **p<0.01,

*%p<().001) MI 612 30-150  1.66 0.34.5 100 30-300 7.4 2-45
Open 85.5 34-170  1.79 0.34.6 195 30-1000 8.4 2-26
All 75.7%%%  30-170  1.72 0.34.6 157***  30-1000  8.0* 2-45

visual analogue scale (VAS). A maximum of 10 points
could be assigned for the two criteria, where 10 points was
the score for maximum pain and also for optimal function.
Standard X-rays in AP and transscapular view were
obtained at each follow-up. The follow-up at each partic-
ipating centre was conducted by one investigator.

Statistics

Statistics were performed using SPSS Software 16.0 (SPSS
Inc., Chicago IL, USA). Mann-Whitney U-test was used for
independent samples (open vs. MI). Wilcoxon signed-rank
test was used for related samples. Results with p<0.05 were
considered statistically significant.

Results

The average duration between trauma and surgery was
1.82 days (range 0—13). The patient with 13 days duration
could not be operated upon earlier due to underlying
medical conditions. Table 1 shows the results for operating
room (OR) time, blood loss, X-ray time and duration of
hospital stay. VAS for pain at discharge was 4.1 (range 0—
8.1) and at the latest follow-up it was 1.3 (range 0-7.4)
(Fig. 1). VAS for mobility at discharge was 1.9 (range 0-
9.3) and at the latest follow-up 7.6 (range 1-10) (Fig. 2).

Fig. 1 Visual analogue scale

The preoperative overall iADL score was 2.92 (range 0.14—
3.00). For the open procedure, it was 2.96 (range 1.25-
3.00), and for MI it was 2.86 (range 0.14-3.00) (p=0.22).
At the latest follow-up, overall iADL score was 2.10 (range
0-3.00). For the open procedure, it was 2.15 (range 0—
3.00), and for MI it was 2.04 (range 0.25-3.00) (p=0.47).
The preoperative iADL was higher versus the latest follow-
up for both groups (open and MI) (p<0.001).

The results for ROM are shown in Fig. 3. The improve-
ment during follow-up (three months versus six months, and
six months versus twelve months) for moving in all
directions was statistically significant (p<0.05). Statistically
significant differences between the two groups were seen
preoperatively (elevation forward p<0.05, external p<0.001
and internal rotation p<0.001), at six weeks (external
rotation p<0.01), three months (external rotation p<0.001)
and six months (internal rotation p<0.01). The differences
between open and MI at the 12-month follow-up were not
statistically significant (Fig. 4).

X-ray showed uneventful healing of the fracture after
three months in 60 cases (57%), after six months in 88
cases (83%), and after 12 months in 103 cases (97%)
(Fig. 5). The remaining fractures (n=3) had not healed after
12 months and showed delayed (n=2) or non-union (n=1).
In the one missing case, the patient had refused to undergo
X-ray during follow-up several times. With regard to the
technique, 52% of the open and 61% of the MI fractures
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Fig. 2 Visual analogue scale
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had healed uneventfully after three months. After
six months this was 79% (open) and 87% (MI), and after
12 months 97% (open) and 96% (MI).

Complications

Complications were categorised into implant related (intra-
articular screw perforation, proximal screw loosening, distal
screw pull out and implant breakage) and “general” (second-
ary displacement, avascular necrosis [AVN], infection, frozen
shoulder, impingement, non-union, delayed-union). The most
frequent implant related complication was intra-articular

MI Open

screw perforation in 19 cases (15%; 10 open, 9 MI). The
most frequent general complication was secondary displace-
ment in ten cases (8%; 9 open, 1 MI). The implant related
complication rate was 17% (open 15%, MI 19%), and the
general complication rate was 21% (open 26%, MI 15%).
Thirty-five patients (20 open, 15 MI) were revised (27%; 26%
open, 28% MI). In the MI group no clinical signs of axillary
nerve lesion were detected. No case of implant breakage
occurred. Table 2 shows a detailed description of the
complications within this study. Analysing the fracture type
(AO) as a risk factor, statistical significance could be shown
(»<0.001) (Table 3). Hence, the highest complication rate

Ml
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Fig. 3 Box plots for the four directions of range of motion (ROM)
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Fig. 4 Box plots comparing the range of motion (ROM) for both groups during follow-up (MI minimally invasive)

was seen for C-type fractures. Analysing age as a risk factor,  (n=15) or requested removal of the plate even without
there was a trend towards a higher complication rate with  clinical problems (n=15).
increasing age; however, it was not significant.

Implant removal Discussion

Implant removal was not performed in general, but only in ~ Surgical treatment of most displaced proximal humerus
patients who had clinical problems related to the implant  fractures is challenging due to the fact that stable reduction

Fig. 5 a, b X-ray of an AO
11-A2 fracture treated minimally
invasively at 12 months
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Table 2 Description of complications

Complications Surgical ~ Complications Complication AO classification (number of  Revisions including early
technique within group (n) risk? (%) cases and rate®) removal of plate (% of overall
patients within group)
A B C
Implant related complications MI 10 18.9% 2 (17%) 2 (8%) 6 (40%) 8 (15%)
Open 12 15.4% 2 (11%) 3 (11%) 7 (22%) 6 (8%)
All 22 16.8% 4 (13%) 5 (9%) 13 (28%) 14 (11%)
Intra-articular screw perforation MI 9 17.0% 2 1 6 7
Open 10 12.8% 2 2 6 5
All 19 14.5% 4 3 12 12
Proximal screw loosening MI 1 1.9% 0 1 0 1
Open 1 1.3% 0 0 1 1
All 2 1.5% 0 1 1 2
Distal screw pull-out Ml 0 0% 0 0 0 0
Open 1 1.3% 0 1 0 0
All 1 0.8% 0 1 0 0
Implant breakage All 0 0% 0 0 0 0
General complications Ml 8 15.1% 2 (17%) 3 (12%) 3 (20%) 7 (13%)
Open 20 25.6% 3(17%) 3 (11%) 14 (44%) 14 (18%)
All 28 21.4% 5(17%) 6 (11%) 17 (36%) 21 (16%)
Secondary dislocation Ml 1 1.9% 0 0 1 1
Open 9 11.5% 1 0 8 7
All 10 7.6% 1 0 9 8
AVN MI 3 5.7% 1 0 2 3
Open 3 3.8% 0 1 2 1
All 6 4.6% 1 1 4 4
Infection MI 2 3.8% 0 2 0 2
Open 2 2.6% 0 1 1 2
All 4 3.1% 0 3 1 4
Frozen shoulder Ml 0 0% 0 0 0 0
Open 3 3.8% 0 1 2 3
All 3 2.3% 0 1 2 3
Impingement MI 1 1.9% 0 1 0 1
Open 1 1.3% 1 0 0 1
All 2 1.5% 1 1 0 2
Non-union MI 0 0% 0 0 0 0
Open 1 1.3% 1 0 0 (1 planned)
All 1 0.8% 1 0 0 (1 planned)
Delayed union MI 1 1.9% 1 0 0 0
Open 1 1.3% 0 0 1 0
All 2 1.5% 1 0 1 0
Total MI 18 (17 patients) 32.1% 4 (33%) 5(19%) 9 (60%) 15 (28%)
Open 32 (30 patients) 38.5% 5(28%) 6 (21%) 21 (66%) 20 (26%)
All 50 (47 patients) 35.9% 9 (30%) 11 (20%) 30 (64%) 35 (27%)

MI minimally invasive, AVN avascular necrosis
 Risk for patient to experience complication(s)

° Number of complications/patient
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Table 3 Cumulative incidences for experiencing at least one complication per fracture type
Fracture type Number of fractures at risk Number of fractures with at least one Risk (%) 95% CT* P’
complication related to a particular cause
All fractures <0.001
A 30 9 30.0 12.6-47.4
B 54 11 20.4 9.3-31.5
C 47 27 57.4 42.8-72.1
MI 0.08 (n.s.)
A 12 4 333 2.0-64.6
B 26 19.2 3.0-35.5
C 15 8 53.3 24.7-81.9
Open 0.006
A 18 5 27.7 4.9-50.7
B 28 6 21.4 5.2-37.6
C 32 19 59.4 41.4-77.4

MI minimally invasive, n.s. not significant
 Confidence intervals for single-sample #-test

Difference among fracture types (Pearson's chi-square, 2-sided)

is hard to achieve in the weak bone stock [2—5]. In the past,
with the use of conventional implants, this led to high rates
of fixation failure [2, 4, 5]. Implants of the latest generation
use locking screws and act as internal fixators to create
high stability. Many studies reporting results on these
devices show good functional results [3, 5, 13, 14]. Only a
very limited number of prospective, multicentre studies
analysing the outcome of locked plating of proximal
humerus fractures have been available until now [15, 22,
23]. In contrast to most of the other recent locking devices
for the proximal humerus (PHILOS, LPHP, etc.), the NCB-PH
combines secondary locking, polyaxial screw placement,
and allows both open and MI technique with the same device
[17-19].

This study shows that the MI technique required less OR
time, caused less blood loss and a slightly shorter hospital
stay. No difference could be detected for the X-ray time.
The latter excludes a possible disadvantage of the MI
technique, i.e. more X-ray exposure due to limited
anatomical exposure and percutaneous fracture reduction.
The functional outcome in our study was comparable to
other recent studies [23, 24]. Full function was not regained
at one-year follow-up compared to the healthy side (data
not shown), which is in accordance with the literature. The
technique (open/MI) had only inconsistently significant
ROM or no significant influence on the functional results.
Patients of the MI group reported more pain but better
mobility (VAS). An explanation might be that patients of
the MI group were more aggressively exposed to physical
therapy because soft tissues were not that much of a limiting
factor due to the limited incision. However, the main
determinant for choosing the postoperative rehabilitation

scheme should be the fracture pattern and the quality of
reduction.

The complication rate in our study is comparable to the
literature, where the most recent studies report complication
rates between 32 and 50% [13, 22-26]. These results
suggest that locking plates have not, as yet, turned out to be
a panacea for the treatment of these osteoporotic fractures,
though most studies show that they are a true benefit. This
is supported by the results of our study, i.e. secondary
displacement and intraarticular screw perforation being the
most frequent complications detected. The severity of
fracture (AO) turned out to be the most important predictive
factor for the incidence of complications. This was also the
case when analysing the two subgroups: open and MI. The
higher overall complication rate within the open group can
be explained by the fact that more C-type fractures were
treated with the open technique. In summary, none of the
two techniques should be labelled “better” or “worse”, but
it is rather a question of the correct indication. Based on our
experience we recommend that complex fractures (three to
four parts) with no medial support of the head fragment are
best treated with the open technique, as the reconstruction of
the medial metaphyisis seems particularly difficult with
percutaneous techniques.

There are some limiting factors in our study. First, no
randomisation between the open and MI techniques was
performed, which is critical. However, comparable studies
have recently been published [16]. The follow-up period is too
short to obtain more definitive results and the study protocol
did not provide a standard procedure for the postoperative
treatment protocol, which may impact functional outcome
and complication rate.
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Conclusion

In this multicentre study a second generation locking device
was shown to be a suitable method for the routine treatment of
proximal humerus fractures. Complication rate and functional
outcome are comparable to those in the literature. The system
used allows both the open and minimally invasive (MI)
techniques. In complex fracture patterns, where anatomical
reduction is unlikely to be achieved by percutaneous
reduction, a thorough preoperative diagnostic workup should
identify those fractures, which must be treated with the open
surgical technique.
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follow-up. The first and fourth authors are instructional lecturers for
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