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The comparison of single plate and double plate fixation
methods for treatment of humeral shaft nonunions
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Humerus diaphyseal fractures constitute 1 to 3% of
all fractures and 20% of humerus fractures.! There
are several conservative and surgical methods in
the treatment of humerus shaft fractures. Although
it is possible to achieve good results in the majority
of fractures with conservative methods, rates of
pseudoarthrosis of 8 to 12% in humerus shaft fractures
have been reported in the literature, and nonunion
rates are higher particularly in patients with proximal
shaft fracture and butterfly fragment.”

Biological fixation and surgical traditional plating
are acceptable alternatives at a higher rate than
intramedullary and external fixation methods.**
Despite all these options, the union rate is 82 to 95%.
Probable reasons for surgical failure are inadequate
fixation, devitalization of bone fragments, infection,
osteopenia, and bone defects.>? In the nonunion
of humerus shaft fractures, morbidity is frequently
associated with shoulder and elbow joint stiffness,
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ABSTRACT

Objectives: This study aims to evaluate the early- and mid-term
shoulder and elbow functions and compare the union rates after
the application of single plate and double plate for the treatment of
humerus shaft nonunions.

Patients and methods: This retrospective study included
56 patients (36 males, 20 females; mean age 53.8+9.5;
range, 28 to 68 years) treated with double plate (n=25) and single
plate (n=31) osteosynthesis between October 2012 and January
2016. Surgical treatment of the nonunion was applied in the
fourth month after the fracture at the earliest. Autograft taken
from the iliac bone was applied during the surgery in all patients.
Evaluation was performed using The University of California at
Los Angeles (UCLA) Shoulder Score, Mayo Elbow Performance
Score (MEPS), Visual Analog Scale (VAS), Constant Shoulder
Score, and Disabilities of the Arm Shoulder and Hand (DASH)
questionnaire.

Results: The mean postoperative follow-up time was 40.7+9.6
(range, 25 to 58) months. No statistically significant difference
was determined in respect of time to union, follow-up time, DASH
questionnaire score, UCLA Shoulder Score, VAS, MEPS and
Constant Shoulder Score after union in the comparison of the
two groups (p>0.05). In the examination of postoperative early
(three months) recovery phase of shoulder and elbow functions,
statistically significant superior scores were obtained in the double
plate group for MEPS (double plate median=85 [min 75-max 90],
single plate median=75 [min 70-max 85]) and Constant Shoulder
Score (double plate median=89 [min 85-max 92], single plate
median=81 [min 75-max 90]) (p<0.001).

Conclusion: There was no statistically significant difference in
terms of time to union and union rates between single plate and
double plate fixations for surgical treatment of humeral shaft
nonunions. However, superior clinical results were obtained in the
early recovery phase of shoulder and elbow functions with double
plate fixation.

Keywords: Double plate, humerus shaft fracture, nonunion, single
plate.

pain, and weakness. For a functional upper extremity,
it is important that union within acceptable limits is
provided.®
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During the treatment of humerus shaft nonunion
and after healing, various problems may be seen in
shoulder and elbow functions. The hypothesis of the
current study was that the treatment option selected
would affect union rates and shoulder and elbow
functions in the early- and mid-term. Therefore,
in this study, we aimed to evaluate the early- and
mid-term shoulder and elbow functions and compare
the union rates after the application of single plate
and double plate for the treatment of humerus shaft
nonunions.

PATIENTS AND METHODS

This retrospective study included 56 patients
(36 males, 20 females; mean age 53.849.5;
range, 28 to 68 years) operated on for a diagnosis
of humerus shaft fracture nonunion at Ankara
City Hospital between October 2012 and January
2016 (Table I). Patients were excluded from the
study if they had a pathological fracture, atrophic
pseudoarthrosis, open fracture, infected nonunion;
fractures managed with soft tissue or vascular
reconstruction, any chronic disease, or if they did
not have functional results available. Also, patients
with restricted range of motion in the shoulder
and/or elbow joint of the ipsilateral side due to
previous surgery or any musculoskeletal disease
were excluded. The study protocol was approved by
the Ankara City Hospital Ethics Committee (March
2020, number: 72300690-799). A written informed
consent was obtained from each patient. The study
was conducted in accordance with the principles of
the Declaration of Helsinki.

Since 2012, the information of all patients with
a humerus fracture has been recorded in our clinic.
Data were collected from the patient records including
demographic data, mechanism of fracture, fracture
localization, time to fracture union, indications for
surgical treatment, complications that developed
during treatment, and any preoperative radial nerve
injury. The fractures were classified according to
the Arbeitsgemeinschaft fiir Osteosynthesefragen
(AO)/Association for the Study of Internal Fixation
(ASIF) classification systems (Table II).

Treatment with single plate or double plate was
applied to patients diagnosed with nonunion based
on the absence of radiological findings of union
from the fourth month after the first treatment up
to the sixth month, loss of stability associated with
implant failure, and complaints of pain accompanying
pathological movement in the fracture region.

The patients were separated into two groups
according to the treatment method. Double plate
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group patients (n=25) were treated with double plate
osteosynthesis, while single plate group patients
(n=31) were treated with single plate osteosynthesis.
Patients who applied to the outpatient clinic with
nonunion of humeral shaft fracture were treated with
a single plate or double plate fixation without any
additional criteria by a single surgeon experienced
in psodoarthrosis surgery. There were no additional
criteria for single or double plate fixation. The
treatment choice on whether applying single or
double plate fixation was made randomly. However,
patients with hardworking manual labor or intense
musculature on upper extremities had a priority
for applying double plate fixation. In the double
plate group, 20 patients were primarily treated with
conservative methods with cast and five patients with
open reduction and internal fixation (ORIF). In the
single plate group, 25 patients were primarily treated
with conservative treatment with cast and six patients
with ORIFE. All of the 11 patients of ORIF were treated
with a single plate.

Under general anesthesia, the patients were
positioned in the beach-chair position. Antibiotic
prophylaxis of 1000 mg cefazolin was administered.
An anterolateral incision was used in both
groups, and then the radial nerve was dissected
and suspended. The implants remaining from the
previous operation were removed. Debridement was
applied until bleeding bone ends were obtained in
the nonunion region, then the medullar canal was
opened and decortication was performed. Although
no deep infection was observed in any patient,
soft tissue was taken for cultures and pathology
examination. In the patients applied with double
plate, the plates were placed to be angled at 90° to the
anterior and lateral surfaces.

In the patients with a single plate fixation, the
plate was placed on the anterolateral humeral
surface. Autogenous bone grafting taken from the
iliac bone was applied to all patients. In addition to
the autogenous graft, allograft (calcium phosphate
granule bone chips) was used in five patients applied
with double plate and four patients applied with
single plate.

In the majority of the double plate group patients,
4.5 mm limited contact dynamic compression plates
(LC-DCPs) (Double Medical Technology Inc., Xiamen,
China) with five to 10 holes were used. In one patient
with a proximal shaft fracture, a Philos® Long Plate
(Double Medical Technology Inc., Xiamen, China) was
applied. In all patients in the single plate group, a 4.5
mm LC-DCP was used with 4.5 mm cortical screws.
After anatomic reduction of the bone parts, at least
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TABLE Il

Distribution of humerus shaft fracture by
Arbeitsgemeinschaft fiir Osteosynthesefragen classification

Double Single
plate plate
n n
AO classification 12 humerus shaft
Al 3 5
A2 6 6
A3 9 12
B2 3 2
B3 2 4
Cc2 1
C3 1 2
AO: Arbeitsgemeinschaft fiir Osteosynthesefragen.

six levels of cortical fixation were obtained on both
sides of the fracture line with the main anterolateral
plate (Figure 1). The second plate was applied with
the aim of supporting buttress effect. In order to limit
damage to the soft tissues further, six-cortex fixation
rule was not applied on this posterolateral side of the
fracture. The radial nerve was protected throughout
the operation. On postoperative third day, passive
hand wrist, elbow and pendular shoulder movements
were started. The patients were instructed to perform
active elbow and shoulder movements as tolerated.
Weight lifting was not permitted until radiological
union was confirmed. Union was evaluated clinically
as no pain in the fracture line and radiologically as
the visualization of bridging callus in at least three
cortices on anteroposterior and lateral radiographs.

Evaluation was performed for the union and
complication rates using The University of California
at Los Angeles (UCLA) Shoulder Score, Mayo Elbow
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Performance Score (MEPS), Constant Shoulder Score,
and Disabilities of the Arm Shoulder and Hand
(DASH) questionnaire, as objective and functional
clinical results. The time of return to pre-injury work
and activities was also questioned.

Statistical analysis

Statistical analysis was performed using
the IBM SPSS version 25.0 software (IBM Corp.,
Armonk, NY, USA). Conformity of continuous
variables, such as age, time to union, follow-up time,
DASH questionnaire score and UCLA Shoulder
Score, to normal distribution was assessed with
the Shapiro-Wilk test and graphic methods. Data
conforming to normal distribution were stated
as mean =+ standard deviation, and variables not
showing normal distribution as median (min-max)
values. Categorical variables such as sex, visual
analog scale (VAS), and etiology were stated as
number (n) and percentage (%). To examine the
changes in continuous variables, the independent
samples t-test was applied to those showing normal
distribution and the Mann-Whitney U test to
those with non-normal distribution. Changes in
the groups of categorical variables were examined
with the chi-square and Pearson’s chi-square tests
and continuity correction. A value of p<0.05 was
accepted as statistically significant.

RESULTS

In the comparison of the demographic data of the
groups, the mean age was 54.5+8.2 (range, 38 to 68)
years in the double plate group and 53.3110.6 (range,
28 to 67) years in the single plate group. The
age distribution of the groups was determined
to be similar (t=0.488, p=0.627). Sex distribution
was similar as 64.0% (n=16) males and 36.0% (n=9)

TABLE Il
Constant Shoulder Score and Mayo Elbow Performance Score of study groups

Double plate Single plate Statistical analysis
Median Min-Max Median Min-Max VA p

Constant

Preoperative 30.0 26.0-34.0 30.0 21.0-36.0 0.330 0.741

Postoperative 3 month 89.0 85.0-92.0 81.0 75.0-90.0 5.450 <0.001

After union 92.8 87.0-97.0 91.6 88.0-96.0 1.067 0.440
MEPS

Preoperative 30.0 20.0-35.0 30.0 20.0-40.0 0.919 0.358

Postoperative 3 month 85.0 75.0-90.0 75.0 70.0-85.0 4.967 <0.001

After union 90.0 15.0-100.0 90.0 70.0-100.0 0.954 0.340
Min: Minimum; Max: Maximum; MEPS: Mayo Elbow Performance Score.
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females in the double plate group, and 64.5% (n=20)
males and 35.5% (n=11) females in the single plate
group (x*=0.000, p=1.000).

Homogenous distribution of etiology was
determined between the groups (x?>=0.000, p=1.000)
(Table I). No statistically significant difference was
determined between the groups in respect of time to
union (p>0.05).
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In the postoperative third month evaluation of
the Constant Shoulder Score and MEPS, statistically
significant higher scores were obtained in the double
plate group (p<0.001) (Table III). When the Constant
Shoulder Score and MEPS were examined after
bone union, no statistically significant difference
was determined between the groups (p>0.05)
(Table III). No statistically significant difference
was determined between the groups in respect of

FIGURE 1. (a) Male patient with an oligotrophic diaphyseal humerus nonunion. Sixth month of conservative
treatment after humerus fracture. (b) Early postoperative radiography of double plate surgery. (¢) Final follow-up
showing radiographic bony union. (d) Intraoperative image after double plate application. (e) Functional results
in third year follow-up.
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the VAS values after bone union (p=0.708). There
was no significant difference between the groups
in respect of the UCLA Shoulder Score and DASH
questionnaire score (p>0.05) (Table I).

Two patients in single plate group had implant
failures on the fourth and sixth months of the surgeries.
The former one was a smoking and obese patient,
while the latter did not have any comorbidities. In
total, three patients had limitation of shoulder joint
movement and two of these were patients who had
implant failure.

DISCUSSION

There are few studies in the literature related to
the comparison of the applications of single plate
and double plate in the treatment of humerus
shaft fracture nonunion. Furthermore, these studies
have not evaluated shoulder and elbow joint
functions. This study demonstrated that in the early
postoperative period of cases treated for nonunion of
humerus shaft fractures, superior functional results
of shoulder and elbow joints were obtained in patients
applied with double plate fixation compared to those
applied with single plate fixation.” In humerus shaft
fractures, shoulder and elbow functions must be
protected until fracture healing. The regaining of
shoulder and elbow functions is important in this
patient group, as patients diagnosed with humerus
shaft nonunion are followed-up for at least four to six
months. In the current study, patients applied with
double plate were seen to have regained shoulder
and elbow functions in a shorter time. Therefore,
the application of double plate can be selected for
the patient group wishing to return to work early
or for those who have limited shoulder and elbow
functions.

Nonunion of humerus shaft fractures can be
seen as a result of both conservative and surgical
treatments. However, the treatment of nonunion
seen following surgical stabilization is known to
be more challenging. Various methods have been
described for the treatment of humerus shaft fracture
nonunion. The basic aim of treatment is to achieve
bone union and a functional upper extremity within
acceptable limits. The primary principle of treatment
is to provide mechanical and biological support in
the nonunion area of long bone fractures. In the
current study, no implant failure or loss of fixation
was observed in any of the patients applied with
double plate, while implant failure and loss of
fixation was seen in two patients applied with single
plate fixation. Despite these two implant failures,
the union rate in single plate group did not show
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any statistically significant difference compared to
double plate group. This was due to the low implant
failure number that was not sufficient to form a
sample group for statistical analysis. Therefore,
it was accepted as a not statistically significant
difference.

There are several reasons for nonunion of
humerus shaft fractures, primarily patient-related
factors (advanced age, osteoporosis, impaired bone
metabolism),® fracture type (open fracture, fractures
with bone loss), and surgical errors (insufficient
fixation, incorrect implant selection).’'® Implants
that can be applied for fixation in cases of nonunion
are intramedullary nailing, single plate, double
plate, and Ilizarov frame.

Although intramedullary nailing seems to
be a good option, some studies in the literature
have reported that in comparison with plating,
intramedullary nailing is not an appropriate
fixation method for humerus shaft nonunion.!?
The common point of these studies is that the
application of nails of different properties does
not provide adequate rotational stability. Moreover,
they may cause rotator cuff damage, and pain and
stiffness in the shoulder.!'¥! In the current study, no
significant restriction in shoulder movements was
determined in any patient applied with double plate,
whereas restriction in shoulder movements was
determined in three patients applied with single
plate in the early period (third month) of follow-up.
This can be attributed to superior stability in the
patients applied with double plate and therefore
these patients adapted earlier and superiorly to the
rehabilitation program.

In the literature, there are no large case series
studies of humerus shaft fracture nonunion, and
there are insufficient data about the functional
shoulder and elbow scores of the patients. Stigiin
et al.™ evaluated 26 patients and reported
the mean Constant Shoulder Score and MEPS
after union to be 87.1 (range, 65 to 98) and 94.7
(range, 80 to 100), respectively. However, evaluation
was not performed of early functional results.
In the current study, there was no difference
between the groups in the functional shoulder
and elbow scores after full bone union, whereas
in the early postoperative period (three months),
the Constant Shoulder Score and MEPS were found
to be significantly superior in the patient group
applied with double plate. According to these
results, it can be said that these patients regained
shoulder and elbow functions more rapidly.
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Sufficient fixation can be obtained with an
Ilizarov frame, even in cases with bone defect and
osteopenia;’® however, there is a risk of pin tract
infection and nerve damage. No infection developed
in any of the patients in the current study. Although
radial nerve neuropaxia developed postoperatively
in one patient applied with double plate, this
recovered in the ninth week of follow-up and did
not create any significant restriction in respect of
functional results. As radial nerve damage can
have a negative effect on the shoulder and elbow
rehabilitation of the patient, successful results can
be obtained with appropriate programs applied to
these patients until nerve functions are recovered.

Although compressive plating with at least
eight points of cortical fixation with a 4.5 mm
narrow plate and autologous bone graft is accepted
as the gold standard treatment for humerus
shaft nonunion, the union rate reported in the
literature is approximately 90%.5' In cases with
poor bone stock, the application of limited contact
plate (LCP) cortical and locking screws allows
superior compression of the fracture ends and
reduces the pullout risk to a minimum.'®7 In
nonunions with extensive tissue loss in particular
and bone resorption developing after single plate
application, a double plate provides longer survival.
In a biomechanical, clinical study by Rubel et al.,"”
stronger stabilization was reported to be provided
by double plate fixation compared to single plate
fixation. However, this application technique
is challenging due to the extensive soft tissue
dissection required for the application of two plates
which increases the risk of nonunion and nerve
damage.

The use of short and long plates together avoids
excessive stress on both ends.™ Prasarn et al.
described double plate fixation for humerus distal
third fractures. In a modified posterior approach, a
2.7 or 3.5 mm pelvic reconstruction plate was applied
to the lateral humerus, and an extra-articular, hockey
stick-shaped distal humerus locking plate was
applied with a posterolateral approach. Excellent
bone union with no complications was reported in
15 cases. Metikala and Bhogadi®” reported union in
a humerus shaft nonunion after the use of plating at
right angles to each other together with autologous
bone graft. In the current study, complete union was
achieved in all patients applied with double plate
and in 92% of those applied with single plate. As we
mentioned before, two implant failures did not cause
any statistically significant difference between two
groups due to the low number of patients.
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In a biomechanical study by Kosmopoulos et
al,® three different single plates and one double
plate were applied to mid-diaphyseal humerus
fractures, and it was reported that superior torsional
pressure, compression, and posterior anterior and
lateral medial bending were achieved with short
double plating compared to the nine-hole, 4.5 mm
narrow plate. Also, two small double plates were
seen to be superior to the nine-hole, 4.5 mm screw
plate in respect of compression and lateral medial
bending. With the exception of posterior anterior
bending, the best load distribution property from
screw to screw was seen in double plating. In our
study, the double plate group had no plate or screw
breakage while single plate group had two implant
failures as plate breakage.

LeeP? recently described treatment of humeral
distal third fractures using a LCP metaphyseal plate
with an anterolateral approach. When a single plate
is used for ORIF, a larger plate may be required to
provide stability, and this can require more skin and
soft tissue dissection. For double plating, a smaller
incision and a smaller working area are sufficient. In
distal diaphyseal fractures, the number of screws is
limited, which causes imbalance in the load transfer
between bone and plate, thereby increasing stress
shielding.” Capo et al.’¥! reported less time spent
as one of the reasons supporting double plating
rather than single plating. Various authors have
suggested that the reduction plate made fixation
of the other plate easier and could reduce the total
operation time.??! In the current study, the mean
operating time was 101+15.6 (range, 76 to 125) min
in patients applied with double plate and 93+15.2
(range, 68 to 123) min in those applied with single
plate.

Operative complications of humerus diaphyseal
fractures are infection, nonunion, failed fixation,
and reoperation.”®®! The advantage of double plating
is a smaller skin incision and increased mechanical
stability, which reduce the risk of these possible
complications.

The subject investigated in the current study has
not adequate evidence in the literature. However,
this study has some limitations. Firstly, the number
of patients in both study groups is low. Secondly,
the study design is retrospective, and prospective
randomized studies are needed for strong evidences
about double plate fixation for humeral shaft
nonunions.

In conclusion, although humerus diphyseal
nonunion is still a severe problem, it is possible to
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obtain good functional results with the application
of double plating and single plating in the treatment
of humerus shaft fracture nonunion. In our study,
there was no statistically significant difference in
terms of time to union and union rates between
single plate and double plate fixations for the surgical
treatment of humeral shaft nonunions. However,
superior clinical results were obtained in the early
recovery phase of shoulder and elbow functions with
double plate fixation.
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