Gaston JO, Stern M, Patel M, et al. Single-Plate versus Dual-Plate Utilization for
Treatment of Humeral Shaft Fractures: A Retrospective Clinical Series. SurgiColl.
2024;2(3). doi:10.58616/001¢.121851

SurgiColl

Research Articles

Single-Plate versus Dual-Plate Utilization for Treatment of

Humeral Shaft Fractures: A Retrospective Clinical Series

James O Gaston, B.A.", Matthew Stern, B.S.2, Manan Patel, M.D.?, Pietro M Gentile, B.S.>@% John Epoh Dibato, Ph.D.*,
Rakesh P Mashru, M.D.*?, Kenneth W Graf, M.D.*’, David A Fuller, M.D.*?, Henry ] Dolch, D.0.**

1 Case Western Reserve University, Cleveland, OH, USA, 2 Cooper Medical School of Rowan University, Camden, New Jersey, USA, 3 Cooper University
Health Care, Department of Orthopaedic Surgery, Camden, NJ, USA, 4 Cooper University Health Care, Camden, NJ, USA

Keywords: humeral fractures, fracture healing, bone plates, fracture open reductions, ORIF

h ://doi.org/1 16/001¢.121851

SurgiColl
Vol. 2, Issue 3, 2024

Objectives

Dual plating is the current standard of care for displaced distal humerus fractures and
even some metadiaphyseal humeral fractures. Single plate fixation is the current
standard of care for humeral shaft fractures when performing open reduction and
internal fixation (ORIF). A role may exist for dual plating of humeral shaft fractures. This
study aims to compare clinical outcomes of single versus dual-plating when performing
ORIF procedures on humeral shaft fractures.

Methods

A retrospective study of 143 patients (81 females, 62 males; mean age 47.3) who
sustained humeral shaft fractures (Arbeitsgemeinschaft fiir Osteosynthesefragen/
Orthopedic Trauma Association (AO/OTA) type 12A, B, and C) and received either dual or
single plating via ORIF between March 2010 and May 2022. Of the 143 patients, 79 (55%)
received single plating, while 64 (45%) received dual plating. To account for possible
confounders, we collected data on patient characteristics, mechanism of injury, and
intra-surgical variables. Primary outcome measurements compared radiographical x-ray
imaging (3-months, 6-months, and 12-months), complications, and visual analog scale
(VAS) score.

Results

There was no statistically significant difference between VAS scores, union rates, post
operative radial nerve injury, infections, or hardware failure for primary surgical
outcomes. Patients were allowed to bear weight as tolerated more quickly in the
dual-plating group. An association was observed between the usage of dual plates and
osteoporosis.

Conclusion

In conclusion, we found dual-plate fixation for ORIF of humerus fractures to be not
statistically significantly different compared to single plate fixation. Dual-plating has
satisfactory radiograph and clinical outcomes compared to conventional single-plate
fixation. While we are not advocating for the routine use of dual-plating, the results of
our study suggest that the use of dual-plating produces similar outcomes when compared
to single-plating for ORIF of a humerus shaft fracture.
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Figure 1. Radiograph of single-plate fixation for ORIF
of humeral shaft fracture

INTRODUCTION

Open Reduction and Internal Fixation (ORIF) is the most
common method of providing operative stabilization of
humeral shaft fractures.! The treatment choice can be per-
formed through numerous approaches addressing various
injury characteristics (i.e., fracture pattern, soft tissue in-
jury, radial nerve damage, etc.) Recent biomechanical stud-
ies have shown the added strength of a second plate applied
to the shaft.2*4 A single plate is typically used for ORIF of
humeral shaft fractures [Figure 1].

The second plate, whether orthogonal or in parallel, in-
creases stability and reduces the risk of hardware failure
prior to healing [Figure 2, Figure 3].5 Although there is ev-
idence for the benefits of ORIF, there is limited data on how
plate number and size may affect outcomes such as union
rate, pain scale, and other complications.68 There may be
added implant costs to adding a second plate to a humeral
shaft fracture, but we know of no specific contraindications.
This study compares the radiological and surgical outcomes
of single and dual-plating techniques. Our primary null hy-
pothesis was that there is no statistically significant differ-
ence in the union rate between single versus dual plating
for humerus shaft fractures. Our secondary hypothesis is
that there is no significant difference in the rate of compli-
cations and pain level between single and dual plating.

METHODS

A retrospective review was performed at a single institu-
tion. Between March 2010 and May 2022, 365 patients with
humerus diaphyseal fractures were treated with either sin-

Figure 2. Surgical application of dual-plating for ORIF
of humeral shaft fracture

Figure 3. Radiograph of dual-plate fixation for ORIF of
humeral shaft fracture

gle or overlapped dual-plate ORIF in an orthogonal plate
configuration. Seven fellowship-trained surgeons at a Level
1 trauma center were involved in this study, and the choice
of single or dual-plating was at the discretion of the treat-
ing surgeon. The most common indication for ORIF of the
humerus was polytrauma. Other common indications in-
cluded failure to maintain acceptable alignment with closed

SurgiColl 2


https://surgicoll.scholasticahq.com/article/121851-single-plate-versus-dual-plate-utilization-for-treatment-of-humeral-shaft-fractures-a-retrospective-clinical-series/attachment/238334.png
https://surgicoll.scholasticahq.com/article/121851-single-plate-versus-dual-plate-utilization-for-treatment-of-humeral-shaft-fractures-a-retrospective-clinical-series/attachment/238335.jpeg
https://surgicoll.scholasticahq.com/article/121851-single-plate-versus-dual-plate-utilization-for-treatment-of-humeral-shaft-fractures-a-retrospective-clinical-series/attachment/238336.png

Single-Plate versus Dual-Plate Utilization for Treatment of Humeral Shaft Fractures: A Retrospective Clinic...

treatment and open fractures. All fractures were classified
using the Arbeitsgemeinschaft fiir Osteosynthesefragen/
Orthopedic Trauma Association (AO/OTA) classification
system and were all 12A, 12B, or 12C type fractures.

Patients were excluded based on the following criteria:
(1) under 18 years of age, (2) lost to follow-up, (3) tumor-re-
lated pathologic fractures, (4) fractures around a peripros-
thetic implant or previous ORIF plate, (5) revision cases for
re-injury within 12-month follow-up period and (6) dura-
tion of injury date to surgery of over 90 days. After the ex-
clusion criteria, 143 patients were included in the study.

All data were collected through our hospital data system
and categorized by patient demographic characteristics, in-
jury characteristics, intra-surgical variables, and surgical
outcomes.

Patient demographic characteristics included age, sex,
body mass index (BMI), obesity (BMI over 30.0), type I or
type II diabetes, osteoporosis (taken from electronic med-
ical records), and tobacco use (current, never, former).

Injury characteristics included the mechanism of injury,
closed/open fracture, multiple fractures, polytrauma, AO/
OTA fracture classification, associated radial nerve injury,
and previous humerus shaft fracture of the affected arm.
The mechanism of injury was divided into four categories:
low impact (e.g., fall from standing height), high impact
(e.g., motor vehicle crash, motorcycle crash, pedestrian
struck by a vehicle, fall from height), gunshot wound, and
other (physical altercation, sports injury, crush injury).
Polytraumas were defined as injuries to multiple body sys-
tems, and multiple fractures were defined as any trauma
that involved a fracture to the humerus shaft and another
bone. The fracture classification and location were assigned
based on pre-injury radiographs. Each radiograph was as-
signed a classification by an orthopaedic physician.

Intra-surgical variables included time from injury to
surgery (days), length of surgery (minutes), number of con-
current procedures performed during the humeral shaft
ORIF (i.e., ORIF of other fractures, complex skin closure,
neurolysis of the radial nerve, irrigation, and excisional de-
bridement, etc.) estimated blood loss, use of lag screws,
number of screws implanted, and plate metal type (tita-
nium or stainless steel).

Surgical Outcomes included visual analog scale (VAS)
score during the final follow-up visit, length of time be-
tween surgery and final follow-up visit, failure to union at
six months, failure to union at twelve months, hardware
failure requiring corrective surgery, postoperative radial
nerve injury, and post-surgery infection requiring irrigation
and debridement. Hardware failure included implant defor-
mity and symptomatic hardware. Fracture union was de-
fined as a bridging callus on three out of four cortices of the
fracture line. To determine fracture union sequential radi-
ographs at 3, 6, and 12 months after surgery, radiographs
were examined by an orthopaedic surgeon.

Data values are expressed as mean (standard deviation)
for continuous variables and count (%) for categorical vari-
ables. Two-sample independent t-test (or Wilcoxon rank
sum test) was used to compare continuous variables, while
the Chi-square test (or Fisher exact test) was used to com-

pare the distributions of categorical variables between pa-
tients with dual-plating and single-plating. All analyses
were done using Statistical Analysis System (SAS) 9.4, and
conclusions were made at a 5% significance level.

The Institutional Review Board approved this retrospec-
tive study. Data were collected from medical records and
de-identified.

RESULTS

The patient demographic characteristics are categorized
into single (79 patients) or dual-plating (64 patients)
groups [Table 1].

There were 81 females and 62 males included in the
study. The average age was 47.3 years, ranging from 19 to
90+. Between the single and dual-plate groups, dual-plat-
ing treated a significantly higher number of patients with
osteoporosis. There was no statistically significant differ-
ence in any other patient demographic variables. [Table 2]

Among the intra-surgical variables and plate character-
istics, time to surgery, use of lag screws, length of surgery,
number of concurrent procedures, and estimated blood loss
showed no significant difference between groups [Table
3 & 4]. As expected, dual-plating showed a significantly
higher number of screws used. Most of the plates used in
single-plating were constructed out of stainless steel, while
nearly all the plates in the dual-plating group were tita-
nium.

There was no significant difference in any of the surgical
outcomes between single and dual-plating. Nonunion oc-
curred within six months in 8% of the patients (n=143)
and at twelve months in 2% of the patients (n=130). The
single-plating groups had five hardware failures (6%) and
two post-surgery infections (3%). In this group, five cases
of hardware failure (6%) and one case of infection (1.5%)
required subsequent revision surgery. The dual-plating
groups had three hardware failures (5%) and three post-
surgery infections (5%). In the dual plating group, three
cases of hardware failure (5%) and three cases of infection
(5%) required subsequent revision surgery. Postoperative
radial nerve injury was recorded in 2% of the patients, three
from single-plating and two from dual-plating. [Table 5]

DISCUSSION

A comparison between our single-plate and dual-plate
groups shows no significant differences in any of the sur-
gical outcome variables. (i.e., failure to union at 6 or 12
months, hardware failure, postoperative radial nerve injury,
and infection) Each group’s surgical outcomes fell within
the range of the reported literature.%-17 Qur study shows
that dual-plating may be considered a comparable viable
surgical option. The dual plating group had a fracture union
rate of 98% at twelve months. We observed no differences
in the intra-surgical complications and post-surgical com-
plications (failure to union, hardware failure, postoperative
radial nerve injury, or infection). The five postoperative ra-
dial nerve injuries (three single plate, two dual plate) recov-
ered within six months.

SurgiColl 3



Single-Plate versus Dual-Plate Utilization for Treatment of Humeral Shaft Fractures: A Retrospective Clinic...

Table 1. Patient Demographics

Overall Single-Plating Dual-Plating Pvalue
143 79 (55%) 64 (45%)
Age (yrs), mean (SD) 47.3(19.7) 44.7(19.7) 50.4(19.7) 0.080
Over 65 Years Old (%) 38 (25%) 16 (20%) 22 (30%) 0.060
Female 81(57%) 39 (49%) 42 (66%) 0.050
BMI (kg/m2), mean(SD) 30.3(7.3) 29.5(6.8) 31.3(7.8) 0.150
Obesity (%) 65 (45%) 33(42%) 32(50%) 0.320
Diabetes (%) 36 (25%) 16 (20%) 20 (31%) 0.130
Osteoporosis (%) 23(16%) 6(8%) 17 (27%) 0.002*
Tobacco use (%): 0.850
never 76 (53%) 43 (54%) 33(52%)
current 30(21%) 17 (22%) 13(20%)
former 37(26%) 19 (24%) 18(28%)
Table 2. Injury Characteristics
Overall Single-Plating Dual-Plating P value
143 79 (55%) 64 (45%)
Mechanism of Injury (%): 0.030*
Low Energy 49 (34%) 21(27%) 28 (44%)
High Energy 69 (48%) 40 (51%) 29 (45%)
Gunshot Wound 11 (8%) 10 (13%) 1(2%)
Other 14 (10%) 8(10%) 6(9%)
Closed Fracture (%) 11(82%) 61(77%) 56 (88%) 0.110
Multiple Fractures (%) 48 (34%) 25(32%) 23(36%) 0.590
Polytrauma (%) 22(15%) 15 (19%) 7 (11%) 0.180
Fracture location (%): 0.810
Distal 27 (19%) 14 (18%) 13 (20%)
Middle 10 (70%) 57 (72%) 43 (67%)
Proximal 16 (11%) 8 (10%) 8(13%)
Classification (%): 0.720
A1 - Simple Fracture Spiral 33(23%) 18 (23%) 15 (23%)
A2 - Simple Fracture Oblique 20 (14%) 9(11%) 11(17%)
A3 - Simple Fracture Transverse 33(23%) 19 (24%) 14 (22%)
B1 - Wedge Fracture Spiral 22 (15%) 12 (15%) 10 (16%)
B2 - Wedge Fracture Bending 12 (8%) 6 (8%) 6(9%)
B3 - Wedge Fracture Fragmented 6 (4%) 3 (4%) 3(5%)
C1 - Complex Fracture Spiral 6 (4%) 4 (5%) 2 (3%)
C2 - Complex Fracture Segmental 3(2%) 1(1%) 2(3%)
C3 - Complex Fracture Irregular 8 (6%) 7 (9%) 1(2%)
Associated Radial Nerve Injury (%) 18 (13%) 9(11%) 9(14%) 0.630
Previous Humerus Shaft Injury (%) 5(3%) 3(4%) 2 (3%) 1.000

Dual plates were more likely to be used in osteoporotic
and low-energy injuries. Among the low-energy injury pa-
tients diagnosed with osteoporosis, 13 underwent dual-
plating fixation, while only four were treated with single-
plating. Removing patients with osteoporosis removed the
significance between the mechanism of injury groups (p-

value 0.162) and did not significantly affect any other vari-
able. Separately, gunshot wounds as the mechanism of frac-
ture were more likely to receive a single plate for the
fracture, mainly due to the single plate approach bridging
the fracture. Conversely, the dual plating technique would
reduce the fracture pattern anatomically.
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Table 3. Intra-Surgical Variables

Overall Single-Plating Dual-Plating P value
143 79 (55%) 64 (45%)
Time to Surgery (days), mean (SD) 7.3(12.4) 8.1(13.9) 6.3(10.5) 0.950
Length of surgery (mins), mean (SD) 251.4(65.3) 243.1(62.4) 261.5(67.8) 0.170
Number of Concurrent Procedures, mean (SD) 1.3(1.2) 1.2(1.1) 1.5(1.2) 0.280
Estimated blood loss (EBL) (ml), mean (SD) 175.7 (97.5) 167.9(101.5) 185.2(92.1) 0.130
Lag Screw Used (%) 73(51%) 43 (54%) 30(47%) 0.390
Table 4. Plate Characteristics
Overall Single-Plating Dual-Plating P value
143 79 (55%) 64 (45%)
Total Number of Screws (%) 13(17%) 10 (14%) 16 (19%) 0.000*
Plate Metal Type (%): 0.000*
Titanium 98 (69%) 38 (48%) 60 (94%)
Stainless Steel 45 (31%) 41 (52%) 4(6%)
Plate Screw Size -
3.5mm - 39 (49.4%) -
4.5mm - 40 (50.6%) -
3.5mmx 3.5mm - - 40 (62.5%)
3.5mm x 4.5mm - - 24 (37.5%)
Plate Length (mm) -
Plate 1 - 197.5(33.4) 198.1(28.0)
Plate 2 (shorter plate) - - 117.4(37.8)
Table 5. Surgical Outcome
Overall Single-Plating Dual-Plating P value
143 79 (55%) 64 (45%)
Total Follow Up Time (weeks), mean (SD) 42.5(35.3) 47.5(42.6) 36.2(22.1) 0.110
Final VAS Score, mean (SD) 2.5(2.8) 2.3(2.8) 2.6(2.8) 0.350
Failure to Union at 6 months (n=143, %) 11(8%) 6(8%) 5(8%) 1.000
Failure to Union at 12 months (n=130, %) 3(2%) 2(3%) 1(2%) 1.000
Hardware Failure (%) 8(6%) 5(6%) 3(5%) 0.730
Postoperative Radial Nerve Injury (%) 5(3%) 3 (4%) 2 (3%) 1.000
Infection (%) 5(3%) 2(3%) 3(5%) 0.650

If single-plating seems to perform as well as dual-plating
in this study, why do we see a trend of increased usage
of dual-plating for ORIF of a humeral shaft fracture? First,
as discussed, we know that it is biomechanically stronger.
The increased strength of the construct may provide re-
assurance with early weight-bearing through the arm, es-
pecially in polytrauma patients where crutch weight-bear-
ing is important. In vitro, biomechanical models suggest
that dual-plating is mechanically superior (stiffness and fa-
tigue resistance) to a single-plate construct.18-20 Second,
the dual-plate construct may be technically easier to insert.
A provisional smaller plate allows for an easier application
of a larger definitive plate because it maintains the re-

duction when adding the larger definitive plate. Third, a
planned application of dual-plating ensures enough biome-
chanical strength for a fracture that may be more transi-
tional between the shaft and the meta-diaphysis, wherein
dual-plating has been shown to be superior.2! Fourth, re-
cent literature has demonstrated that dual-plating leads
to a lower nonunion rate.22 Among these factors, other
important considerations in deciding between single and
dual plating include the need for bridge plating due to
comminution and the location along the humeral shaft,
whether diaphyseal or meta-diaphyseal. These findings can
imply that using dual-plating removes the decision-making

SurgiColl 5



Single-Plate versus Dual-Plate Utilization for Treatment of Humeral Shaft Fractures: A Retrospective Clinic...

of single versus dual-plating and protects in case dual-
plates were appropriate.

There are several limitations to this study. First, dual-
plating may have some advantages, as discussed. Still, a
randomized, prospective study is recommended to eluci-
date further any differences between using single or dual-
plating for ORIF of a humeral shaft fracture. Second, seven
different orthopaedic surgeons with varying techniques
performed the surgeries utilizing a variety of plates. Third,
heterogeneous etiologies of fracture types, including open
fractures, were included in the study, which can make com-
parison challenging. Finally, no functional outcomes were
collected in this study, relying retrospectively on fracture
union as the primary endpoint. Follow-up studies should
examine clinical outcomes of different dual-plate combi-
nations (i.e., length combination, width combination, plate
material, etc.) Further biomechanical studies on the im-
plant material, stainless steel, and titanium suggest that
stainless steel has a higher stiffness and fatigue life than ti-
tanium plates, potentially allowing for a better clinical out-
come in certain fracture patterns.23

CONCLUSION

In conclusion, in this retrospective series of humeral shaft
fractures, we found dual-plate fixation for ORIF of humerus
shaft fractures to be no statistically significant difference
compared to single plate fixation. Dual-plating has satis-
factory radiograph and clinical outcomes compared to con-
ventional single-plate fixation. While we are not advocating
for the routine use of dual-plating, our study’s results sug-
gest that dual-plating results in similar outcomes as single-
plating for ORIF of a humerus shaft fracture. Further stud-
ies are recommended to define better the indications for

dual plating of humeral shaft fracture. Patient factors such
as osteoporosis may be important to explore.
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