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Introduction: Non-union after humeral shaft fractures are seen frequently in clinical practice. The inci-
dence is 2—10% after conservative management and up to 30% after surgical treatment. The purpose of
this study is to evaluate the outcomes of plate-and-bone-strut-allograft technique with bone chip
augmentation for aseptic non-unions of the distal third of the humerus.
Materials and methods: 26 consecutive cases were treated using a trans-triceps approach. The non-union
was fixed with a 4.5 mm Locking Compression Plate combined with a strut bone allograft at the anterior
part of the humerus and bone chips. All patients underwent the same rehabilitation protocol of 12 weeks.
Clinical evaluation took place 12 months after surgery with the Mayo elbow score and Oxford elbow
score.
Results: Complete bone healing without complications was achieved in all 26 patients. The average
period of radiographic union was 106 days. The average range of flexion-extension was 108° (94°—180°)
and pro-supination was 159° (102°—180°). Twelve months after surgery, average Mayo elbow score was
86 (68—100) and the Oxford elbow score was 83 (52—100).
Conclusion: The plate-and-bone-strut-allograft technique with bone chip augmentation in distal hu-
meral shaft for aseptic non-unions resulted in union of all cases. No adverse events related to the surgery
or the materials used were documented.

© 2019 Delhi Orthopedic Association. All rights reserved.

1. Introduction

biology at the fracture site. Therefore, the biological response has to
be optimized, with for example bone grafting and augmentation

Non-unions of humeral shaft fractures are seen frequently in
clinical practice at about 2—10% in conservative management and
30% in surgically treated patients’. Factors favouring non-union can
be patient related or therapy-related. In every case, a precise
technique and proper indication are essential for success’°. Non-
union, displacement, and fixation failure are complications, that
can lead to impairment after humeral shaft fractures>=°. The
aseptic non-union is a problem associated with unfavourable
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which have shown good results in metaphyseal aseptic non-
unions?® . Our plate-and-bone-strut-allograft technique consists of
extramedullary fixation with a biological graft and augmentation of
the defect. The purpose of this study is to evaluate the outcomes of
our technique in the management of distal third shaft humeral
aseptic non-unions.

2. Materials and methods
2.1. Patient selection and follow-up

All patients who visited our institution between 2006 and 2018
with a distal third humeral shaft non-union were screened for
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treatment using the plate-and-bone-strut-allograft technique. The
exclusion criteria were hematological or oncological disease, acute
or chronic systemic infections, ASAMI non-union classifications
type A (aseptic non-union without bone defect) and C (infected
non-union)’, age under 18 years, any bone metabolism disease,
elbow osteoarthritis and rheumatoid disease. At the outpatient
clinic, the patients were informed in a clear and comprehensive
way of the type of treatment and other possible surgical and con-
servative alternatives. Patients were treated according to the
ethical standards of the Helsinki Declaration, and were invited to
read, understand, and sign the informed consent form. If the pa-
tients agreed and underwent our proposed treatment, they were
enrolled in this study.

To diminish bias because of different rehabilitation, we let all
patients undergo the same rehabilitation protocol (see appendix).
The objective outcomes during follow-up were surgical data,
adverse events during follow-up, range of motion, the Mayo Elbow
Score (MES)® and humeral alignment measured using plain radio-
graphs. Subjective patient reported outcomes were measured by
Oxford Elbow Score (OES)°.

Follow-up consisted of questionnaires at 3 weeks and 3, 6 and
12 months after surgery. The evaluation endpoint was set at 12
months after surgery, yet follow-up was prolonged to the last
outpatient visit up to November 2018. Bone union was measured
using the radiographic union score as described by Whelan et al.
and the Non-Union Scoring System (NUSS)'%!,

2.2. Statistical analysis

Cohen's kappa coefficient (k) is a statistic which measures inter-
rater agreement for qualitative items. Through this parameter we
calculated the concordance between bone healing (healing of the
anterior, posterior, lateral and medial cortices) and the anatomical
axis of the humerus measured on plain radiographs.

2.3. Surgical technique

We used a standardised surgical technique. The patient was
positioned prone with the arm on a radiolucent support or a
padded post. Either option gives maximum freedom to approach
the elbow. The approach was performed using a trans-triceps
approach (TTA)'?. The posterior midline skin incision was made,
curving laterally around the tip of the olecranon. Full thickness skin
flaps were elevated, and the ulnar nerve was identified, mobilized,

and protected. The triceps tendon was split in its midline, and
extending distally (Fig. 1), the incision was curved around the
lateral aspect of the olecranon and then down along the lateral
border of the proximal ulna. In extending the incision distally, we
left a 3—5 mm cuff of triceps tendon and deep fascia on the lateral
aspect of the proximal ulna, for subsequent side-to-side repair.
After having exposed the non-union focus, we removed the pre-
vious implant and reduced the fracture. We reamed the intra-
medullary shaft and removed all non-vital tissue. The strut allograft
(decellularized donor distal humeral shaft) was prepared on a
separate table and a modelled 4.5 mm Locking Compression Plate®
(LCP®, DepuySynthes™, Oberdorf, Switzerland) was temporarily
fixed with a K-wire. Along the lateral side a window to the anterior
side of the humerus was made, with regard to the radial nerve.
Through this window the bone strut was placed anteriorly. Cortical
lag screws were used to hold the plate-and-bone-strut-allograft,
which was placed in such way to support the anterior humeral
hinge (Fig. 1). Then we drilled the humeral shaft to implant a
locking screw for angular stability for fixation of the allograft to the
humeral shaft. Bone chips, either pre-chipped or manually chipped
during surgery, were impacted as an augmentation inside the hu-
meral shaft. We placed the bone chips mixed with Putty® Bio-
collagen Crunch bone paste (Biogen®, Bioteck™, Arcugnano,
Vicenza, Italy) in the cortical gap. The triceps was reattached at its
insertion using absorbable sutures. At the end of the surgery, the
reduction result was inspected by fluoroscopy in three different
views (Fig. 1) and by dynamic testing of the elbow. Following the
muscle reattachment, we closed the subcutaneous layer with
absorbable sutures and skin with metal staples. For the first three
postoperative weeks, all patients were placed in a resin above-
elbow cast with the elbow flexed in 90°.

3. Results

From a total of 54 patients with a distal third humeral shaft
fracture non-union, we included 26 patients with distal third hu-
meral non-union after exclusion of 28 patients. The demographic
data of the enrolled patients, including primary mode of fixation,
are described in Table 1. The mean total follow-up was 38 months.
All 26 patients demonstrated wound healing within 21 days. Dur-
ing the whole follow up we had no superficial of deep infections
and no material failure.

After complete bone healing, the elbow alignment was normal
in 20 patients (77%), valgus in 5 patients (19%), and varus in 1

Fig. 1. A 37-year-old woman underwent surgery because of fixation failure and aseptic non-union (A). Trans-Triceps Approach (B). Removal of 3.5 mm Locking Compression Plate
with two pre-existently broken screws, debridement of the non-union focus and reduction of the two bone segments. Fixation by 4.5 mm Locking Compression Plate® (LCP ®)

(DepuySynthes ™, Oberdorf, Switzerland) and anterior bone strut allograft (C).
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Table 1
Demographic and pre-operative measures of the included patients. SD: standard
deviation. *: due to rounded percentages, totals now add up to 102%.

Parameters Descriptives

Number of patients 26

Distribution males: females 14:12

Average age, years (standard deviation) 48 (+28)

Range of age, years 18—69

Occupation Agricultural industry:
8 (31%)
Industrial sector: 12
(46%)
Tertiary industry: 6
(23%)

Right: 6 (23%)
Left: 20 (77%)
Right: 6 (23%)
Left: 6 (23%)
Fall from height: 6
(23%)
Traffic accident: 6
(23%)
Work-related
accident: 14 (54%)
Primary type of distal humeral fracture Al: 3 (12%)
according to the Arbeitsgemeinschaft A2:2 (8%)
fiir Osteosynthesefragen (AO)* A3: 2 (8%)
B1: 6 (23%)
B2: 4 (15%)
B3: 3
Cl:2
C2:2
C3:2
Single plate: 5 (19%)
Two orthogonal
plates: 9 (35%)
Two parallel plates: 12

Injured upper limb side
Injured dominant upper limb

Type of primary accident

Orthopedic devices used during primary surgery for
proximal humeral fracture

(46%)
Average Non Union Scoring System (SD) 45 (+19)
Range Non Union Scoring system 23-65

patient (4%). At twelve months after surgery, the arcs of flexion-
extension and pro-supination averaged 108° and 159°, respec-
tively. Further surgical and follow-up details are described in
Table 2.

The objective quality of life and elbow function, measured by
MES, before the trauma was on average 95 points (range 90—100).
At the moment of non-union with eventual failure of orthopedic
hardware, the MES averaged 18 (range 2—30). After 1, 3 and 6
months from the revision surgery the MES scores averaged 24
(range 18-56), 63 (range 46—80) and 79 (range 56—100)

Table 2
Outcomes of the included patients. SD: standard deviation.

Outcomes

38 (+14; 12—144).
96 (+13; 61—126)

Outcome measures

Duration of follow up (months, SD; range)
Average surgical time (minutes, SD; range)

Amount of red blood cell transfusions (SD; range) 0.6 (+0.3; 0—4)
Wound closure within 21 days 26/26
Superficial wound infections 0/26

Deep infections 0/26

Material failure 0/26

Average time to bone healing registered by plain 106 (+15; 74—123)
radiographs (days, SD; range)

Post-operative axis of elbow alignment Normal: 20 (77%)

Valgus: 5 (19%)

Varus: 1 (4%)

Arc of flexion-extension after 12 months (SD; range) 108°(+23°; 94°—180°)

Arc of pro-supination after 12 months (SD; range) 159°(+10°; 102°—180°)

Correlation between clinical-radiographic results Cohen's k: 0.82

and patient reported outcomes
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Fig. 2. Trend of objective Mayo Elbow Score (MES) from pre-existent scores to 12
months after the revision surgery.

respectively. At final follow-up at twelve months the average MES
score was 84 (range 68—100) (Fig. 2).

The subjective quality and elbow function measured by OES,
was on average 99 points (range 90—100) before the first trauma. At
the moment of non-union with eventual failure of orthopedic
hardware, the OES averaged 20 (range 4—46). After 1, 3 and 6
months from the revision surgery the OES scores averaged 23
(range 22—48), 60 (range 30—84) and 78 (range 56—100) respec-
tively. At final follow-up at twelve months the average OES score
was 83 (range 52—100) (Fig. 3). The correlation of between neutral
radiographic alignment, OES and MES was high according to
Cohen's kappa (k=0,82). A complete follow-up course at the
outpatient clinic is illustrated in Fig. 4.

4. Discussion

In our opinion besides patient-related factors, the main tech-
nical failure in primary osteosynthesis in our series was that the
primary implant construct failed to adequately stabilize for fracture
to heal (for example, Fig. 1). To successfully treat humeral shaft
fractures with internal fixation, it is important to recognize that
torsion is the predominant form of mechanical stress at the fracture
site and because it is a non-weight bearing bone the lack of axial
loading promotes fracture distraction>'>!>, Other common treat-
ments of intra-articular or distal humeral atrophic non-union
include elbow arthrodesis, arthroplasty'®, allografts'’ 2, open
reduction and internal fixation?!, prosthesis®? or the Ilizarov tech-
nique®>. From these options, we have chosen the posterior plate to
reduce the distracting forces and used the opposing anterior bone
splint to further increase stability at the fracture site'’~'%>% Besides
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Fig. 3. Trend of mean subjective Oxford Elbow Score (OES) from pre-existing scores to
12 months after the revision surgery.
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Fig. 4. The images A and B present the 3-month X-rays control of the above described case (see Fig. 1). The images C, D and E show the healing of the non-union focus after 12
months. Image F shows the clinical results at 12 months of follow-up. In this case the patient had a deficit in flexion of the left elbow compared to the contralateral side.

stability, the osteo-inductive and osteo-formative abilities of the
bone strut, bone chips and bone paste, provided a second mecha-
nism to increase fracture healing and addition of mechanical load
transfer>>%2%2>_This extramedullary fixation does not impede the
intramedullary bone marrow, which was only reamed up to vital
tissue.

We used the trans-triceps approach (TTA), which has additional
advantages over the triceps-sparing approach (TSA) in our view.
TTA offers adequate exposure to the lateral column and limits the
formation of intramuscular scar formation, reduces the chances of
elbow contracture because of triceps contracture and shows good
post-operative triceps function'>'”. Besides, the TTA exposure can
be extended proximally and distally. Proximal extension is possible
by elevating the triceps off the humerus and mobilizing the radial
nerve. Distal extension to provide an intra-articular view can be
accomplished by converting the approach into an olecranon
osteotomy approach, TRAP approach’® or Bryan and Morrey
approach?’ in case of an intra-articular extension of the shaft
fracture that needs open reduction. The increased traction at the
supracondylar level using TSA could lead to excessive scar forma-
tion and inflammation around the ulnar nerve what might lead to
ulnaropathy'®. The extra-articular distal humeral locking plate is
based on a similar concept of single column plating. Owing to a
greater screw hole density distally, it allows the placement of an
adequate number of screws in the distal fragment, and the locking
construct increases stability. Since only the lateral column was
exposed in our series, it decreases both the soft tissue dissection
and the surgical time .

Union rates of conservatively treated humeral shaft fractures
have been reported to be 67—98%>. Despite these high rates, some
patients are unable or unwilling to undergo non-operative man-
agement. Especially healthy, young and active patients could

benefit from earlier start of motion and return-to-work in our
opinion. In our rehabilitation protocol, we used a hinged elbow
brace to gradually increase the range of motion after three weeks
and had the brace removed after 6 weeks if possible to regain motor
control and psychological improvement gradually. Clinical union
and brace removal takes an average of 12 weeks (range of 4—22
weeks) with functional bracing, compared with 6—10 weeks for
intramedullary nailing and 9—10 weeks for compression plating>.
In addition to functional limitations, functional bracing carries a
1-10% risk of malunion and skin and soft tissue complications'.
However, the humerus can heal with deformities without leading
to major impairment of function (<20° anterior angulation, < 30°
varus/valgus angulation, and <3 cm shortening)”. Return to weight-
bearing activities remains an interaction of bone quality and sur-
gical fixation. Weight-bearing restrictions may be devastating to
the elderly, who often require their arm to make a transfer or to
mobilize with crutches or rollators. We allowed patients light
weight bearing activities after 12 weeks and full weight baring
activities after complete bone healing was observed on plain ra-
diographs, on average after 15 weeks.

Open reduction and internal or thin wire fixation results in a
flexion-extension motion arc between 71° and 102° (average
91°)!. In our series, the average arc of flexion-extension was 108°,
which provides ample range of motion to regain activities of daily
living. This is reflected in a high quality of life measured with the
Mayo Elbow Performance Score, and Oxford Elbow Score as they
were all clinically significantly better after a follow-up period of one
year since the surgery, almost at a pre-existent level.

The limitations of the current study are the limited number of
patients at a single Level 1 trauma center to provide more gener-
alizable results. It also reflects a single-center, which could lead to
bias as the experience and familiarity with this treatment is
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relatively high, and selection bias for the patients who are referred
to our center. Another limitation is the retrospective nature of the
study and possible recall bias in the pre-trauma questionnaires. In
general, as it has been a retrospective non-comparative trial, con-
founders have not been investigated or corrected for.

5. Conclusion

We suggest the use our plate-and-bone-strut-allograft tech-
nique with bone chip augmentation technique in distal humeral
shaft aseptic non-unions to restore the biomechanics, support the
humeral and elbow axis and to maintain reduction until complete
fracture healing. This technique has shown it can produce a high
percentage of unions without adverse events related to the surgery
itself or the materials used.
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Rehabilitation protocol after plate-and-bone-strut-allograft
repair of distal third humeral fractures

The purpose of our protocol is to provide the clinician with an
orientation of the postoperative course of rehabilitation, in order to
support a standardised physiotherapy program for the entire pa-
tient population.

Week 1-3

During the first three postoperative weeks, the patients wore a
resin cast from the humerus to the metacarpals, with the elbow
flexed at 90°.

Week 4—6

After the first three weeks, the patients received a hinged elbow
brace.

At Week 4 the brace was placed in full elbow flexion, with up to
30° of extension deficit.

At Week 5 the brace was placed in full elbow flexion, with up to
20° of extension deficit, and at week 6 the brace was adjusted to full
elbow flexion, with up to 10° of extension deficit.

Strengthening program
The postoperative strengthening program included single plane
active ROM elbow flexion, extension, supination, and protonation.

Week 7—11

The patients were allowed full range of motion of the elbow, and
could discontinue the brace if they demonstrated adequate motor
control.

The patients could begin composite motions (i.e. extension with
protonation).

If at 8 weeks postoperatively the patient had significant range of

motion deficits, the therapist could consider more aggressive
management after consultation with the referring surgeon.

Strengthening program
A progressive active-resistance exercise program was initiated
for elbow flexion, extension, supination, and protonation.

Week 12

At week 12 the Hinged Elbow Brace was removed with standard
procedure. At this time, the patients were able to initiate light
upper extremity weight training.

Strengthening program

12 weeks marked the initiation of an endurance program that
simulated desired work activities/requirements. The program
focused on stimulation of the elbow and shoulder range of motion,
strength and coordination.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jcot.2019.05.004.
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