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ABSTRACT

Aim The gradual increase in shoulder implants in active elderly
patients has appeared in a parallel increase in periprosthetic hume-
ral fractures. The aim of this study was to investigate the advanta-
ges of using strut grafting with plate fixation during periprosthetic
humerus fractures.

Methods Thirty patients diagnosed with periprosthetic humeral
fracture were divided into two groups. The first group of 15 pa-
tients (PS) underwent plate, ring, screws and strut allografts. The
second group with resting 15 patients (PWS) was treated with only
plate and screws. The criteria to evaluate the groups during follow-
up were the Constant Shoulder Score (CSS) and Oxford Shoulder
Score (OSS); the bone healing was measured by X-rays, controls
measured by radiographic union score (RUS), and complications.
The follow up was terminated at 12nd month in both groups.

Results The difference between the two groups in all parameters
was not significant. However, all patients gained adequate sho-
ulder motor skills for normal daily living activities. All fractures
were healed. Only two complications were registered, and blood
loss was minimal.

Conclusion We believe a revision to reverse shoulder prosthesis
with a long-stem implant with or without cortical strut allograft
augmentation to be safe and appropriate in the management of the-
se complex injuries, though technically challenging, and having
good results for normal activities daily life.

Key words: bone strut, outcomes, bone healing, humeral, ORIF,
periprosthetic
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INTRODUCTION

The quality-of-life  improvement
following total shoulder replacement is satisfac-
tory, which has resulted in a steady increase in
the number of shoulder arthroplasties performed
each year (1). The gradual increase in shoulder
implants in active elderly patients has resulted in a
parallel increase of complications like periprosthe-
tic humeral fractures (2), whose incidence varies
between 0.6% and 3% of all shoulder prostheses
(3). Complications include glenohumeral instabi-
lity, aseptic loosening, rotator cuff pathology, sep-
tic complication, neural injury, deltoid dysfunction
and periprosthetic fracture (4). Periprosthetic hu-
meral fractures account for approximately 11% of
all complications in shoulder prosthesis (5).

achieved

Majority of registered complications were found
in patients over the age of 80 years with peripro-
sthetic fracture due to osteoporosis, while in the
patients under the age of 75 due to medium or
high energy trauma (6). Loss of stem fixation to
the humeral bone is rare; however, bone resorp-
tion around the humeral stem is more common
and can be a risk factor for periprosthetic fracture
and failure in the revision surgery (7). Only a few
reports have investigated bone resorption after
shoulder prosthesis (8,9).

Significant risk factors for periprosthetic fracture
include female gender, humeral head replacement
accompanying rotator cuff repair, on-growth
stem coating, and high size of the implant (7).

Using cortical bone transplants allows the ortho-
paedic surgeon to combine biological materials
with traditional metallic fixation implants.

This study aims to investigate the superiority of
bio metallic fixation (plate with allograft bone
strut) compared with plate fixation in the surgery
of humeral periprosthetic fracture.

PATIENTS AND METHODS
Patients and study design

From January 2010 to December 2018, at the se-
ven Trauma Level I Centres (five in Italy, one of
each in Turkey and Spain) 30 diaphyseal peripro-
sthetic humeral fractures were treated. Exclusion
criteria included: fractures caused by oncologi-
cal and/or haematological disease, patients under
the age of 65 years. Patients who underwent a
follow-up of less than 12 months were excluded.

The types of fractures according to the Worland
classification (10) were: type A fractures occur
about the tuberosities, type B fractures occur
about the stem and they are sub-classified by
fracture anatomy and implant stability: B1 spiral
fractures with a stable implant, B2 transverse or
short oblique fractures about the tip of the stem
with a stable implant, and B3, those about the
stem with an unstable implant; type C fractures
occur well distal to the tip of the stem.

The patients were divided into two groups accor-
ding to their treatment preferences. The first
group, plate and strut (PS), was represented by
15 patients treated with plate, strut allografts,
screws and cerclage for the humeral periprosthe-
tic fracture. The second group, plate without strut
(PWS), was represented by 15 patients suffering
from periprosthetic humeral fractures treated so-
lely with plates and screws.

Non-Union Scoring System (NUSS) in retrospec-
tive mode was used to examine bone healing (11).

All patients were informed clearly and thoro-
ughly about all possible operative and conser-
vative treatment options. Patients were treated
according to the ethical standards of the Helsinki
Declaration and read, conceded, approved and si-
gned the informed consent form.

All patients of both groups underwent the same
postoperative rehabilitation protocol (see rehabi-
litation protocol).

Azienda Sanitaria Locale (ASL) Lecce/Italy Et-
hical Committee approved this research.

Methods

Plate and Strut (PS) surgical technique. Sur-
gery was executed in a beach chair position
in 100% of the cases, using the deltopectoral
approach with a lateral extension approach. Once
the fracture areas were exposed, the previous im-
plants were removed and the fracture line was re-
duced by surgical means. If the stem was unsta-
ble it was revised with a long one. Strut allograft
was prepared on a separate table and the humeral
shaft plate was temporarily fixed with a K-wire.
To stabilize the strut bone allograft and hume-
ral shaft in the bottom, screws were performed.
(We used metal cerclage cable in the long stem).
Metal cerclage cable was implanted to stabilize
medium and top of strut allograft; this was then
placed to support the medial humeral wall. Bone
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grafts were placed to support the humeral shaft
and to fill bone defects (Figure 1). At the end of
the operation, the final reduction was evaluated
by fluoroscopy in three plans (anterior-posterior -
AP, external rotation, and axial).

Figure 1. A 78-year-old man, who had had a reverse shoulder
prosthesis for 10 years, implanted due to fracture of the proxi-
mal humerus. A) After a fall from the top, X-ray shows a Type
Blll fracture according to Worland; B) the level of fracture and
the mobilization of the ascend stem; C1) the re-reimplantation
with long stem and higher size liner (arrow), C2) the osteosyn-
thesis with metal cerclage cables and opposed allograft bone
strut, C3) bone chips; D) postsurgical X-ray; E) X-ray inspec-
tion after 12 months from surgery (Rollo G, Biserni M, 2017)

Plate without Strut (PWS) surgical technique.
In every case, surgery was done in the beach cha-
ir position using the deltopectoral approach with
the lateral extension approach. After having pre-
sented the fracture areas, implants were removed
and the fracture was reduced. If the stem was un-
stable, it was revised with a long one. The hume-
ral shaft plate was provisionally implanted with a
k-wire or a clamp. To secure the strut bone allo-
graft and humeral shaft in the bottom, metal ca-
ble cerclage and screws were applied. (We used
free metal cerclage cable in the long stem). For
the stabilization of the medium area, an anatomic
pre-shaped low-profile semi-tubular plate was
used with multi-planar screw holes (Dyaphesal
Humeral Plate, Intrauma Rivoli, Torino, Italy),
which provide primary stability to fix the peri-
prosthetic fracture (Figure 2). At the end of the
procedure, the final fracture was evaluated by
fluoroscopy in all plans (anteroposterior, external
and internal rotation, and axial view).

Recovery protocol. The aim of our protocol was
to provide an orientation of postoperative reha-

Figure 2. A 71-year-old woman with low-energy trauma to
the right upper limb, treated three years before with reverse
shoulder prosthesis for total tear rator cuff. A-C) fracture ac-
cording to Worland type B2; D) treatment with osteosynthesis
by locking plate utilizing eccentrically placed screw holes and
screws (Dyaphesal Humeral Plate, Intrauma, Rivoli, Torino,
Italy); E, F, G) perfect anatomical reduction (Rollo G, 2016)

bilitation course, and to standardize and direct
the whole patient population to follow a single
physio-kinesiotherapy program to reduce the bias.

Stage 1 (first month): Immobilization collar for
4 weeks, Codman exercises, forbidden external
rotation movement for the first 6 weeks.

Stage 2 (about weeks 5-9) only if there were
clinical data of healing and fragments move as
a part, and no displacement was evident on the
x-ray, then: lightly passive movement, actively
supported forward elevation and abduction, so-
othing functional use week 3-6 (avoid resistant
abduction), progressively decrease help during
movement from week 6 on.

Stage 3 (after two months): add isotonic, concen-
tric, and eccentric strengthening activities.

If there was bone healing but joint stiffness, then
supplement passive stretching by a physiotherapist.

The chosen principles to evaluate the two groups
during the follow-up were: the proximal humeral
complication after the two types of surgery, the
time of surgery, Constant Shoulder Score (CSS)
(12), Oxford Shoulder Score (OSS) (13), radio-
graphic Union Score (RUS) (14), and postopera-
tive complications.

The Constant-Shoulder Score (CSS) (12) is a
100-points scale composed of a number of indivi-
dual parameters. These parameters define the level
of pain and the ability to carry out the normal da-
ily activities of the patient. The Constant-Murley
score was introduced to determine the functionality
after the treatment of a shoulder injury. The test is
divided into four subscales: pain (15 points), activi-
ties of daily living (20 points), strength (25 points)
and range of motion (forward elevation, external
rotation, abduction and internal rotation of the sho-
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ulder) (40 points). The higher the score represent
the higher the quality of the function. Subjective
findings (severity of pain, activities of daily living
and working in different positions) of the partici-
pants are responsible for 35 points and objective
measurements (AROM without pain, measure-
ments exo -and endorotation via reference points
and measuring muscle strength) are responsible for
the remaining 65 points. The Constant-Murley sco-
re is used in almost every language without official
translations. In French, a validated translation has
been published. The time needed to complete the
Constant-Murley test is between 5 to 7 minutes.

The Oxford Shoulder Score (OSS) (13) is a 12-
item patient-reported specifically designed and
developed for assessing outcomes of shoulder
surgery, e.g. for assessing the impact on patients’
quality of life of degenerative conditions such as
arthritis and rotator cuff problems.

The bone healing was measured by Radiographic
Union Score (RUS) (14), the RUS score provided
by Litrenta et al. (12) and derived from the RUST
scoring system. The RUS provides four compo-
nent scores of cortical bridging, cortical disappea-
rance, trabecular consolidation, and trabecular di-
sappearance. Each component can be scored from
1 to 3. Similarly, the two trabecular indices were
scored from1-3, each based on consolidation for
one of the indices, and fracture line disappearance
for the other. The overall RUS score therefore ran-
ged from a minimum of 10 to a maximum of 30.

The follow-up period was set at 12 months in the
two groups.

Statistical analysis

To summarize the characteristics of this study gro-
up and subgroups we used descriptive statistics.
This included both means and standard deviations
of all continuous variables. The t-test was used to
compare continuous outcomes. To compare cate-
gorical variables the Fisher exact test was applied
(these groups were smaller than 10 patients). The
statistical significance was defined as p<0.05. To
make a comparison between the predictive score
of quality of life and outcomes we used the Pe-
arson correlation coefficient (r). For simplicity of
data, mean age was rounded to the closest year,
including their standard deviations. Predictive
score of outcomes and quality of life and their
standard deviations were approximated at the first
decimal, while the Pearson correlation coeffici-

ent (r) was approximated at the second decimal.
Cohen’s kappa (k) was used to determine the relia-
bility and validity of the correlation between func-
tional osteosynthesis and bone healing.

RESULTS

The patients of the first group at the time of the
injury had a mean age of 76.27 (+12.68; range 68-
88), the association between the genders (M: F)
was 0.25 (3: 12). Eight (53.33%) patients were due
to trauma and the remaining seven (46.67%) due
to degenerative joint disease; reverse shoulder im-
plantation was applied. In all cases, cementless im-
plants were applied. The mean in years of survival
of the implant before the fracture was 3.2 (+2.34;
1-6). The type of accidents included a fall in six
(40.00%), normal daily actives in eight (53.33%),
sport in one (6.67%) patient. The types of frac-
tures according the Worland classification (10)
were: type A in 0 patients, B1 in five (33.33%),
B2 in five (33.33%), B3 in one (6.67%), C in four
(26.67%) patients. The most affected dominant
side was the left side, in four (26.67%) patients.
The average point of the NUSS in PS was 54.89
(£13.74; range 25-70) (Table 1).

Table 1. Characteristics of the patients treated with (PS) and
without plate and strut (PWS)

Variable PS PWS p
Number of patients 15 15 p>0.05
Average age (SD)

+ +
(years) 76.27 (+12.68) 76.87(x11.9)  p>0.05
Range of age (years) 68-88 66-89 p>0.05
Gender ratio (M:F) 0.25(3:12) 0.25 (3:12) p>0.05

Reason for reverse
shoulder implant
(No, %)

Trauma: 8 (53.33) Trauma: 8 (53.33)

L . p>0.05
Degenerative joint Degenerative joint ~0.05
disease: 7 (46.67) disease: 7 (46.67) e

Uncemented: 15 Uncemented: 15 p>0.05
(100) (100)
Cemented: 0 Cemented: 0

Type of implant (No,
0,

%) >0.05
Average implant time
before periprosthetic

2 (£2.34; 1+
fracture (SD; range) 3.2 (234, 1-6)

3.1 (x2.38; 1-7) p>0.05

(years)
Fall: 6 (40.00)  Fall: 5 (33.33)
Type of accident Daily actives: 8  Daily actives: 8 >0.05
(No, %) (53.33) (55.33) ’
Sport: 1 (6.67)  Sport: 2 (13.34)
A:0 A: 0
I B1:5(33.33) B1: 4 (26.67)
Xgli‘z;i Classification ). $(3333)  B2:6(40.00)  p>0.05
’ B3: 1 (6.67) B3: 1(6.67)
C: 4(26.67) C: 4(26.67)

Injured humeral side
(No, %)

Dominant injured

Right: 5 (33.33)
Left: 10 (66.67)
Right: 2 (13.34)

Right: 5 (33.33)
Left: 10 (66.67)
Right: 3 (20.00)

p>0.05

. p>0.05
upper limb (No, %) Left: 4 (26.67) Left: 3 (20.00)
Average Nonunion
.89 (£13. 9 (£13. >().
Scoring System (SD) 54.89 (+13.74) 54.9 (+13.79) p>0.05
Nonunion Scoring 2570 2570 >0.05

system range
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Table 2. The comparison of the patients treated with (PS) and without plate and strut (PWS)

Characteristics PS PWS p
Average surgical time in minutes 113.2 (£13.5; range 81 -176) 102.6(£13.7; range 79 -175) p>0.05
The mean follow up (SD; range) (years) (years) 1.4 (x1.8; 1-7) 1.4 (x1.8; 1-7) p>0.05
Average time of X-rays bone healing (SD; range) (days) 122.4 (£23.8; 94 -156) 122.7 (£23.7; 95 -158) p>0.05
Blood loss: 4654224.08 mL Blood Loss: 474+229.01 mL p>0.05
. Intraoperative fracture: 0 Intraoperative fracture: 1(6.67) p<0.05

0,

Type of complications (No, %) Postoperative fracture: 1 (6.67) Postoperative fracture: 0 p<0.05
Died after 1 year of follow up: 1 (6.67) Died After 1 year of follow up: 1 (6.67) p>0.05
Arc of flexion (SD; range) 129.57° (+£34.36; 67°-168°) 129.47° (= 34.28 (66°-169°) p>0.05
Arc of extension (SD; range) 32.1° (£12.8; 30°-54°) 31.9° (£12.2; 30°-54°) p>0.05
Arc of abduction (SD; range) 117.54° (£ 36.55; 69°-173°) 116.99° (+ 36.79; 68°-172°) p>0.05
Arc of intrarotation with abduction at 90° (SD; range) 61.42° (+ 24.54; 38-86) 61.32° (+24.27; 38-86) p>0.05
Arc of extrarotation in adduction (SD; range) 42.20° (+ 22.82; 25°-65°) 43.20° (+ 21.90; 25°-65°) p>0.05
Average correlation between osteosynthesis and bone k=0.812340.137795 k=0 8123640.119355 p>0.05

healing at the moment of X-rays bone callus

The main purpose of the reverse shoulder im-
plantation was the trauma in eight (53.33%) pa-
tients and degenerative shoulder disease in seven
(46.67%) patients. In all cases, cementless im-
plants were applied. The mean in years of sur-
vival of the implant before the fracture was 3.1
(£2.38; 1-7).

At the endpoint, the complications in PS were:
blood loss of 4654+224.08 mL, post-operative
fracture in one (6.67%), death after one year of
follow up in one (6.67%) patient; complications
in PWS were: blood loss 0f 474+229.01 mL, intra
operative fracture in one (6.67%), death after one
year of follow up in one (6.67%) patient. There
was a significant statistical difference between
PS and PWS in intra and post-operative fracture
(p<0.05) (Table 2).

The average duration of surgical time in the PS
group was 113.2 (£13.5; range 81 -176) minutes; in
the PWS group it was 102.6 (+13.7; range 79 -175)
(p> 0.05). The PS's X-rays bone healing scaled by
radiographic union score occurred in our group
on average of 122.4 (+£23.8; range 94 -156) days
after the surgery, while PWS's X-rays bone heal-
ing scaled by radiographic union score occurred
on average 122.7 (+23.7; range 95 -158) days after
the surgery (p>0.05). Also, the arch of abduction
averaged 117.54° (x 36.55; range 69°-173°) in
group PS and 129,47° (£116.99° (+ 36.79; range
68°—172°) in group PWS (p>0.05). The arc of in-
trarotation with abduction at 90° was in average
61.42°(+ 24.54; range 38-86) in PS while 61.32°(+
24.27; range 38-86) in PWS (p>0.05). The arc of
extrarotation in adduction was in average 42.20° (+
22.82; range 25°—65°) in PS while 43.20° (£ 21.90;
range 25°-65°) in PWS (p>0.05) (Table 2).

The objective quality and shoulder function of
PS's life before the trauma, measured by CSS,
was about 74.3 points (range 46-96) while the
quite quality of life before the trauma, measured
by CSS, was about 74.2 points (range 48-94) in
PWS, p>0.05(Graph.1). At the moment of trau-
ma, in the PS group, the CSS was 14.1 (range
0-30) at the same moment PWS, the CSS was
13.9 (range 0-30) (p>0.05). After 1 month from
the revision surgery the CSS score was in 23.5
(range 10-45) PS and 23.6 (range 10-45) in PWS
(p>0.05). Also on the third month after the sur-
gery (p>0.05), the difference at three CSS scores
was 48.4 in PS (range 25-70 ) and 48.3 in PWS(
range 25-70), as well as in the sixth month of
follow-up. At 6 months from the revision sur-
gery, in PS the CSS was 54.6 (range 30-85),
while in PWS was 54.4 (range 30-85) (p>0.05).
At twelve months after the surgery, we had CSS
score in PS 66.7(range 30-90), while in PWS was
66.7(range 30-90) (p>0.05) (Figure 3A).

The subjective quality and shoulder function of
PS's life before the trauma, measured by OSS,
was about 71.2 points (range 40-100), while the
quite quality of life before the trauma, measured
by OSS, was about 70.9 points (range 40-100) in
PWS (p>0.05). At the moment of trauma, in the
PS group, the OSS was 11.2 (range 0-24), and in
the same moment in PWS, the OSS was 11.1 (ran-
ge 0-24) (p>0.05). After one month from the revi-
sion surgery, the OSS score was in PS 20.4 (range
5-40) and 20.8 (range 5-40) in PWS (p>0.05). At
twelve months after the surgery, OSS score in PS
was 63.4 (range 40-92), while in PWS it was 63.5
(range 40-92) (p>0.05) (Figure3B).




Rollo et al. ORIF+ in periprosthetic humeral

A) 80 Constant Shoulder Score (CSS)

70
60
50
40
30
20
10

Points

Before the 0
Trauma

I Month Il Month VI Month  XII Month
fromthe fromthe fromthe from the
trauma  trauma trauma  trauma

—@— Average PS's CSS  —{l}— Average PWS's CSS

B) Oxford Shoulder Score (OSS)
80

70
60
50
40
30
20

Points

Before the 0
Trauma

I Month Il Month VI Month XII Month
fromthe fromthe fromthe fromthe
trauma  trauma trauma  trauma

+ Average PS's OSS ~ =—fJl= Average PWS's 0SS

Figure 3. A) Trend of Constant Shoulder Score (CSS) pre and
at 1 year after the traumatic event. At twelfth month, there
was no statistical differences between PS and PWS group
(p>0.05); B) Trend of Subjective Oxford Elbow Score (OES)
pre and at 1 year after the traumatic event. At twelfth month,
there was no statistical differences between PS and PW$S
group (p>0.05)

The average correlation between osteosynthe-
sis and bone healing at the moment of X-rays
was (k=0.8123+0.137795) in PS as in PWS
(k=0.81236+0.119355) (p>0.05) (Table 2).

DISCUSSION

Bone resorption in the humeral stem following
shoulder prosthesis has been reported (15), lack of
stem fixation to the humeral bone did not happen;
nevertheless, the bone nearby the humeral stem
can be a risk agent for failure at the time of revisi-
on operation and periprosthetic fracture (15). The
pathology of humeral bone resorption after total
shoulder arthroplasty (TSA) has been described as
stress shielding (15). The principal mechanism of
ossein absorption following TSA is also conside-
red to be stress shielding (7,8,16). The situation of
bone resorption is confined to the proximal zone
in TSA, whereas it prolongs more distally in sho-
ulder arthroplasty. Besides, full-thickness cortical
bone resorption is rare after TSA (7). Bone resor-
ption was generally seen at the greater tuberosity
(Zone 1), lateral diaphysis (Zone 2), and calcar
region (Zones 7) (7). Compared to shoulder pro-

sthesis in the humeral, these areas have no trac-
tion force from muscles, which may explain the
more distal extensity of bone resorption and a
greater tendency towards critical bone resorption
(7,8). Another factor is the Rotator cuff gives to
osteoporosis at the proximal humerus (17). The
lack of weight-bearing can lead to medial cortical
reabsorption more easily in humerus than femur
(7). Periprosthetic humeral fractures are estimated
to account for around 11% of all complications
associated with total shoulder prosthesis (16). The
latest radiographic studies show that bone resor-
ption was noted: in about 85.7% of patients with
humeral stem arthroplasty; full-thickness corti-
cal bone resorption occurred on average 17.7%;
mostly happening within the initial year after
surgery, and the stress-shielding was exclusively
seen with uncemented humeral stems (7,8, 16-18).
The biometallic solution associated with stem re-
vision in instability cases is the one most practiced
in the treatment of this fracture challenge pattern
(2,3,10,11, 19-21). However, even if the stem is
not revised and the correct anatomy is not resto-
red, good functional results can be obtained (9).
The ability of the humerus to adapt to deformities
(< 20° anterior angulation; < 30° varus/valgus an-
gulation; < 3 cm shortening) (22), the orthopaedic
surgeon does not seek the anatomy and biomecha-
nics needed in the treatment of periprosthetic sho-
ulder fracture (15) or of osteosynthesis failures
(23). The time of humeral bone healing or nonu-
nion are also multiple predisposing factors for the
origin of these complications: general factors lin-
ked to the subject and the situation of fracture (24).

Kurowicki et al. (25) describe osteosynthesis met-
hod as employing a locking plate using eccentri-
cally disposed screw holes to set "skive screws" in
the proximal end of the plate to perform fixation
around the stem of the implant. A clinical series
of five consecutive cases managed with this pro-
cedure was performed with an average follow-up
of 29 months (range, 12—48). Two further patients
had less than 1-year follow-up. All patients showed
fracture healing. Functional outcomes were limi-
ted with only patient achieving forward elevation
above 90 degrees, and the average American Sho-
ulder and Elbow Surgeons Function score were 28
(25,26). Pain relief was nearly uniform with an ave-
rage visual analog scale pain score of 0.5 (25). The
prosthesis revision should always be performed
except in patients with poor prognosis (26). Indeed,
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we have reconstituted both in reading and in our
study that the revision of periprosthetic fracture (fa-
ilure) can restore the functionality of the shoulder
and its quality of life in most cases to sufficient le-
vels for normal daily life activities and the survival
of the system (9, 19-21, 27-30). We have two com-
plications and blood loss normally described in the
scientific literature (2,3,9,10, 25-28)

The limitations of the current study were the limi-
ted number of patients, non-probability sample of
convenience, due to low incidence in the populati-
on. Another limit is that it is a retrospective study.

Disadvantages of retrospective studies are inferi-
or level of evidence compared with prospective
studies, the patients to confounding (other risk
factors may be present that were not measured),
cannot determine causation, only association,
some key statistics cannot be measured.

Another limitation was that the measurements
and intervention were made without randomiza-
tion of the researcher to the experimental groups,
which have the potential for bias. Finally, other
limiting factors of the study acknowledged by the
authors can be the potential for regression to the
mean, the presence of temporal confounders and
the mention of the subjective score.
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