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Abstract The incidence of proximal humeral fractures
increases. The locking plate osteosynthesis is a standard
procedure to treat displaced proximal humeral fractures. In
the mostly affected elderly patients with an osteoporotic
bone structure, complication rate is still high. An implant
removal is commonly required. But also younger patients
often request for hardware removal. The open implant
removal with a subacromial and subdeltoideal arthrolysis is
an extensive secondary surgery for the patients. We present
a new technique to remove a locking plate from the proxi-
mal humerus arthroscopically with all advantages of the
minimally invasive surgery, and the possibility to treat con-
comitant intraarticular pathologies parallelly.
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Introduction

The proximal humeral fracture is a typical fracture of the
elderly patient. The demographic trend will cause a three-
fold incidence in 2030 [4]. Because of the osteoporotic
bone structure, the treatment of displaced proximal humeral
fractures is a challenge [7]. Open reduction and internal
fixation is usually recommended in displaced proximal
humeral fractures [1, 5, 7, 10, 12]. A lot of fixation tech-
niques are described [7]. Locking plate fixation is a well-
established surgical option with predominantly good results
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[5, 12]. Nevertheless, complication rates are still high (up
to 76%) [1, 2, 5, 8, 10, 12]. Primary (up to 8%) or second-
ary screw perforations (up to 8%) (Fig. la, b), secondary
displacement and sintering of the osteoporotic bone (up to
25%), implant impingement in case of malpositioning (up
to 6%), or a restricted range of motion are the main compli-
cation-types which indicates a screw, or implant removal
[1, 5, 8, 10, 12]. Furthermore, plate extraction can be per-
formed at the request of patients without any complica-
tions. The previously used open implant removal with a
subacromial and subdeltoideal arthrolysis is an extensive
secondary surgery for the affected patient. We present here a
novel technique to remove a locking plate from the proxi-
mal humerus arthroscopically.

Surgical technique

The arthroscopic procedure is performed under general anes-
thesia with the patient in beach chair position. Initially, range
of motion of the affected glenohumeral joint is checked.

The portals used are the posterior, the anteroinferior and
the anterolateral standard portals, as well as three portals at
the lateral proximal humerus directly in the lane of the plate
(Fig. 2). The surface landmark for the posterior portal is the
posterior “soft spot”. Arthroscope is maintained in the pos-
terior portal during the whole operation. Under direct vision
anteroinferior standard portal is placed superior to the sub-
scapularis tendon for instrumental passage. A standard
diagnostic arthroscopy was performed to detect and treat
intraarticular, concomitant pathologies of the primary prox-
imal humeral fracture like partial lesions of the rotator cuff
or long biceps tendon, and chondral lesions. If necessary,
displaced tuberosity fragments can be abraded (Fig. 3), and
an arthrolysis adjusted to the limits of motion can be per-
formed subacromial and periglenoidal.
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Fig. 1 80 years, female: Secondary screw perforation 3 months after
locking plate fixation of a displaced 4-part proximal humeral fracture.
a X-rays. b Intraarticular view: left shoulder, dorsal view: Perforated
screw Tip (arrow). H Humerus, G Glenoid

Then, arthroscope is changed in the subacromial space,
and an anterolateral portal is created directly inferior to the
lateral margin of the acromion 1 cm posterior of the ante-
rior acromial edge. Subacromial bursectomy is performed
until superior margin of the plate can be defined. The plate
is debrided with a shaver, electrodissection or a small ras-
paratorium (Figs. 4, 5) close to the plate. It is essential to
remove soft tissue from screw-head-cones with a small
hook to provide a good grip of the screwdriver. Then, under
abduction and rotation of the arm by an assistant, the proxi-
mal head screws, except the calcar screws, have to be posi-
tioned directly below the anterolateral portal, so that they
can take out with a small-fragment-screwdriver through
this portal (Fig. 6). It is very important to pay attention to
the correct screw direction to avoid losing of the screws in

@ Springer

the soft tissue. If the locking screws are fused in the plate, a
left-hand-thread with a long hand-holder must be used.

For calcar- and shaft-screw-removal, three extra small
skin incisions are performed on the lateral proximal
humerus after localizing the optimal height by a needle: one
incision for the calcar screws and two incisions exactly
between two adjacent shaft-screws. Subcutaneous tissue is
spread with a clamp, and shaft-screws are removed. Subse-
quently, scar tissue and adhesions are divided around the
plate with a shaver, electrodissection or rasparatorium care-
fully. If necessary, ossifications around the margin of the
plate can be eliminated by a small chisel over the anterolat-
eral portal. In the same fashion, the plate can be underrided
and lifted (Fig. 7). Then, the anterolateral portal has to be
enlarged to 2 cm, and the plate is extracted through this por-
tal with a hook (Fig. 8). Finally, the six small skin incisions
are closed and sterile bandage applied. A postsurgery radio-
graph is made to document the complete implant removal.
Posttreatment is early functional without limitations.

Discussion

A general trend of minimally invasive surgical techniques
in fracture treatment can be observed because of advanced
arthroscopic techniques, instruments and operative skills of
the surgeon. So minimally invasive applications of a plate
to the proximal humerus [9], or arthroscopic treatment of
greater tuberosity-fractures [11] were described.

The arthroscopic locking plate removal is a successful
innovation in the treatment of proximal humeral fractures
and their concomitant complications. Because of the well-
known problems with osteoporotic fractures and locking
plates, the rate of implant removal constitutes 6-9% [1, 5,
8, 12]. The main causes were mentioned above.

Recently, the functional short-term outcome following
removal of locking plate fixation of the proximal humerus
was evaluated [6]. Patients with hardware related subacro-
mial impingement, persisting rotation deficit, and with
request for hardware removal showed a significant increase
of the Constant Score 6 months after open plate removal
from 66.2 & 25.2% preoperatively to 84.3 £ 20.6% post-
operatively [6].

Compared to the open surgery, the described arthro-
scopic technique offers a lot of advantages particularly for
the mainly affected elderly and premorbid patient:

less peri- and postoperative morbidity,

minimal soft tissue trauma,

minimal blood loss,

reduced risk of postoperative infections or adhesions,
complete glenohumeral inspection and treatment of
concomitant intraarticular injuries.
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Fig. 2 Portals. / Anteroinferior
portal, 2 Posterior portal, 3
Anterolateral portal, 4 three por-
tals lateral in the lane of the
plate. Asterisk Primary scar, del-
toideopectoral approach

Fig. 3 Left shoulder, intraarticular, dorsal view: abrading of a dis-
placed minor tuberosity (arrow). H Humerus, G Glenoid, SSC M. sub-
scapularis

In terms of relevant concomitant intraarticular pathologies
of proximal humeral fractures, we observed rotator cuff
tears with therapy relevance in magnetic resonance imaging

Fig. 4 Left shoulder,
subacromial, dorsal view:
debridement of the plate with
electrodissection (arrows)

Fig. 5 Left shoulder, subacromial, dorsal view: debrided proximal
plate

in 7 of 30 patients (23%). Gallo et al. [3] even described in
12 of 30 patients (40%) complete rotator cuff tears or avul-
sions in this context. Furthermore, approximately 15% of
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Fig. 6 Left shoulder, subacro-
mial, dorsal view: taking out of a
head screw with the screwdriver
(arrow)

Fig. 7 Left shoulder, subacromial, dorsal view: lifting the plate with
a small chisel (arrow)

Fig. 8 Extraction of the plate through the enlarged anterolateral portal

our patients with proximal humeral fractures stabilized with
a locking plate showed a restricted range of motion and
needed an operative arthrolysis. In up to 9% relevant tuber-
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osity malpositions are described [5, 10, 12] with an indica-
tion for tuberculoplasty. The arthroscopy is the optimal
procedure to address those concomitant injuries and to per-
form an intraarticular and subacromial arthrolysis before
plate removal by using the same portals.

The limits of this technique are seen in patients with adi-
positas per magna, locking plates, which are implanted sev-
eral years ago and covered from massive ossifications, or
some fused locking screws, which cannot be grasped by a
left-hand thread.

We conclude that arthroscopic plate removal after proxi-
mal humeral fractures is a useful innovation, which offers
all advantages of a minimally invasive surgical procedure
to the patient. The described technique is recommended for
all surgeons familiar with arthroscopic surgery.

Conflict of interest statement There is no conflict of interest.
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