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Abstract

Background: Humeral diaphyseal fractures have been traditionally stabilized with plates and screws.
However, surgical morbidity can be quite extensive, particularly in more complex segmental and
comminuted fracture patterns. An intramedullary nail (IMN) has the biomechanical advantage of being a
load-sharing device and can be placed with a more minimally invasive technique. The purpose of this study
was to evaluate the clinical and radiographic outcomes of complex humeral shaft fractures treated with an
IMN utilizing a percutaneous surgical technique.

Methods: A retrospective review was performed on a consecutive series of patients who underwent
treatment of a complex humeral shaft fracture with an IMN placed with a percutaneous technique. Clinical
outcome scores and radiographic analysis were performed at a minimum one-year follow-up.

Results: Of the 14 patients included, 12 had clinical and radiographic follow-ups at one year. The majority
(64%) were obese and involved polytrauma (50%), and 79% were AO Foundation/Orthopaedic Trauma
Association (AO/OTA) type C fractures. Union after the index procedure was 93%, with one nonunion
requiring a secondary operation. The average operative time was 103 minutes. There were no other
complications or additional procedures. The mean clinical outcome scores included American Shoulder and
Elbow Society (ASES): 78.2, Constant Score: 72.1, Single Assessment Numerical Evaluation (SANE): 81.9,
and Penn Shoulder Score: 82.7.

Conclusion: This study demonstrates complex comminuted and segmental humeral shaft fractures in a
higher-risk patient population can be effectively managed with IMN. Percutaneous placement of an IMN
should be considered as a treatment option in complex humeral shaft fractures, particularly in patients with
secondary comorbidities such as obesity and polytrauma.

Categories: Orthopedics
Keywords: proximal humerus fracture, percutaneous fixation, orthopaedic trauma, intramedullary nail, humerus
fracture

Introduction

Humeral diaphyseal fractures are relatively common in orthopaedic trauma, representing roughly 3% of all
fractures, and can often be treated without surgical intervention [1]. Indications for surgical stabilization
include polytrauma, open fractures, floating elbows, neurovascular injuries, and fractures in which adequate
reduction cannot be maintained via closed management [2-4]. In cases of more complex fractures, such as
comminuted or segmental patterns, plate fixation may need to span nearly the entire length of the humerus
in order to adequately stabilize the fracture, which often results in significant surgical morbidity due to soft
tissue dissection. In such circumstances, the utility of an intramedullary nail (IMN) is its ability to be a load-
sharing device with a minimally invasive technique, resulting in less soft tissue disruption, less blood loss
[2,5], lower incidence of radial nerve palsy [6-8], and decreased operative time [9].

Current literature descriptions of humeral IMN techniques include detachment or splitting of the deltoid and
disruption of the rotator cuff [10,11]. This dissection can at times be cumbersome in obese patients, leading
to unanticipated blood loss, which is especially concerning in polytrauma patients. Thus, the purpose of this
study was to evaluate the clinical and radiographic outcomes of complex (multifragmentary, segmental, and
long wedge) humeral shaft fractures treated with an IMN utilizing a percutaneous surgical technique. Our
hypothesis is that this surgical approach will achieve adequate clinical and radiographic outcomes in
patients with complex humeral shaft fractures.

Materials And Methods

An IRB-approved (#5150199) retrospective chart and radiographic review were performed on 14 consecutive
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patients with humeral shaft fractures treated with a percutaneous IMN technique. Complex segmental
(Figure I) and comminuted (Figure 2) fractures were included. The primary indications for this procedure
were patients with comminuted, long wedge, and segmental fracture patterns of AO
Foundation/Orthopaedic Trauma Association (AO/OTA) types B and C [12]. Each patient’s age, body mass
index, AO/OTA fracture type, American Society of Anesthesiologists classification, and concomitant
fractures were recorded preoperatively. Polytrauma was defined as a concurrent long bone or pelvic fracture.
Postoperatively, operative time (defined as the time after intubation until final dressing application), union
rate, radial nerve palsies, follow-up time, and outcome scores were recorded. Clinical outcome measures
included the American Shoulder and Elbow Society (ASES), Constant, Single Assessment Numeric
Evaluation (SANE), and Penn Shoulder (PENN) scores. Descriptive statistics were performed on the collected
data. All patients were followed to the radiographic union. Radiographic union was defined as bridging the
callus on three of the four cortices of all major fracture fragments.

DFA/TIS

FIGURE 1: Anterior/posterior radiographs of a humerus demonstrate an
example of a segmental fracture pattern with arrows to show the
separate fractures.
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FM/END

FIGURE 2: Anterior/posterior radiographs of a humerus demonstrate an
example of a comminuted fracture pattern.

Surgical technique

The patient was placed supine on a flat Jackson radiolucent table with the C-arm brought in from the
contralateral side. There are several potential advantages of supine positioning over beach chair or lateral
positioning: (1) the C-arm technician can more easily maneuver around a completely flat radiolucent table;
(2) not all facilities have a beach chair positioner table; (3) supine positioning is generally quicker and
facilitates multi-site surgical care of polytrauma patients; (4) it can be used safely in patients with cervical
spine precautions; and (5) there is less obstruction for proximal guide pin placement, particularly compared
to beach chair positioning. The nonoperative contralateral upper extremity was securely tucked next to the
body. It is important to ensure there are no arm boards above the umbilicus to allow adequate space for
maneuvering the C-arm. For larger patients, arm boards were placed starting at the lower abdominal area
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and oriented distally if needed to support the patient’s body habitus. The operative extremity was preferably
attached to a pneumatic arm holding device or alternatively placed on a sterilely covered, padded Mayo
stand.

A guide pin was placed over the skin with the arm in the neutral position so the C-arm could be used to
localize the skin penetration site. The shoulder was extended, and a guide pin was percutaneously placed
with an entry point medial to the greater tuberosity at the top of the articular surface on the AP view (Figure
3) and centered on the humeral head in the lateral view (Figure 4). Shoulder extension allowed the humeral
head to be brought from underneath the acromion, which facilitated center guide pin placement in the
lateral view (Figure 5). The medial insertion point was used to avoid violating the tendinous insertion of the
rotator cuff [13]. An incision over the guide pin was made just large enough to accommodate the placement
of the opening reamer after bluntly spreading through the deltoid. The bony deltoid origin was left
undisturbed, and the muscle fibers between the anterior and middle heads were not surgically split.
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FIGURE 3: Fluoroscopic anterior/posterior image of an appropriate entry
point (shown by the arrow) into the humeral head on the coronal plane.
It is important to start medial to the greater tuberosity to avoid the
tendinous portion of the rotator cuff.
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FIGURE 4: Fluoroscopic images demonstrating an appropriate entry
point (shown by the arrow) in the sagittal plane.
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FIGURE 5: Intraoperative photo showing a shoulder in extension to
facilitate guide pin orientation in the sagittal plane.

An intramedullary (IM) reduction rod (Stryker, Kalamazoo, Michigan) was used to facilitate guide wire
placement across the fracture sites (Figures 6-7). The combination of gravity and maneuvering of the bone
with the IM reduction rod proximally with closed distal manipulation allows for smooth passage of the guide
wire across the fracture site (Figures 8-9). When reaming in comminuted cases, power was taken off upon
reaching the fracture site, and the reamer was pushed through this area manually, with power being
restarted only once in the distal bone fragment to reduce the likelihood of iatrogenic radial nerve injuries. In
two cases, percutaneously placed reduction clamps were needed to maintain bone alignment while reaming
(Figure 10). This adjunct technique was used in proximal diaphyseal fractures as the deltoid pulled the
proximal fragment into excessive abduction, akin to the deformation caused by the gluteus medius and
other abductors in subtrochanteric femur fractures [14]. This area, proximal to the deltoid insertion, is safely
above where the radial nerve crosses the spiral groove [15]; thus, direct visualization of the nerve was not
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required. Proximal locking screws were placed using a targeting jig, with the distal locking screws placed
freehand from anterior to posterior, with the drill oscillating to prevent slippage and avoid the radial nerve.

FIGURE 7: Intraoperative photo revealing placement of the reduction
device.
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FIGURE 8: Fluoroscopic image demonstrating the reduction tool
aligning the fracture with arrows to depict where the fracture gap is
reducing.
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FIGURE 9: Fluoroscopic image showing the reduction tool to assist in
placement of the reaming guide wire.
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FIGURE 10: Fluoroscopic image of Lobster clamp being used for
percutaneous reduction of proximal diaphyseal fracture. Arrows are
used to depict areas where the fracture gap is being reduced.

Results

Of the 14 patients in this series, 12 had a clinical and radiographic evaluation at a minimum one-year
follow-up, with one patient unable to complete the clinical outcome forms due to a language barrier.
Specific fracture pattern analysis using the 2018 AO/OTA Fracture Classification [12] included 2 B2, 1 B3, 5
C2, and 6 C3. There were 12 closed fractures, 1 open fracture due to gunshot wounds, and 1 Gustilo-
Anderson grade 3A [16] fracture due to blunt trauma. The mean age of the patient population was 54 (range
37-88) years. Fifty percent (7) of the patients were male, and 50% (7) were polytrauma patients. The average
body mass index (BMI) was 34.95. Nine (64.3%) patients were obese (BMI >= 30), seven (50%) had a BMI > 35,
and 3 (21.4%) were morbidly obese (BMI 40 and above) (Table ). Eight of the 14 (57.1%) patients had an
Anesthesia Society of America Classification (ASA) Score > 2, and humeral shaft nails were placed as an
isolated procedure in 12 of the 14 (85.7%) patients. Of these 12 cases, the average operative time was 103
minutes.
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B2 fracture
B3 fracture
C2 fracture
C3 fracture
Male

Polytrauma

ASA>2

Age

BMI

Percent Fraction
14.3 (2114)
71 (1/14)
357 (5/14)
429 (6/14)

50 (7/14)
50 (7/14)
57.1 (8/14)
Average Std. Dev.
54.07 16.64
34.95 9.34

TABLE 1: Demographics: Fracture pattern according to AO Foundation/Orthopaedic Trauma
Association (AO/OTA) fracture classification system, gender, polytrauma status, Anesthesia
Society of America Classification (ASA) Score > 2, patient age in years (age), body mass index.

Fracture union was found in 93% (13/14) of the cases after index percutaneous intramedullary nail
placement (Figures /1-14). One patient who had an extremely comminuted fracture with bone loss due to a
gunshot wound achieved radiographic union after a secondary plating operation 14 months after the initial
nailing procedure, bringing the final fracture union rate to 100%. There were no other secondary operations.
There were no preoperative or secondary radial nerve palsies.

Twelve patients had a clinical and radiographic evaluation with a minimum one-year follow-up. One patient
was contacted by phone one year postoperatively and reported using the arm for daily activities and has not
undergone any secondary operations. The final patient was a migrant who was lost to follow-up after the
radiographic union.

Average clinical outcome scores collected at a minimum of one-year follow-up were American Shoulder and
Elbow Society (ASES) 78.2, Constant 72.1, Single Assessment Numeric Evaluation (SANE) 81.9, and Penn
Shoulder (PENN) 82.7 (Table 2).
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FIGURE 11: Anterior/posterior humerus radiograph demonstrating a
healed segmental fracture at two year follow up.
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FIGURE 12: Lateral humerus radiograph demonstrating a healed
segmental fracture at two year follow up.
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FIGURE 13: Anterior/posterior humerus radiograph demonstrating a
healed comminuted fracture at one year follow up.
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FIGURE 14: Lateral humerus radiograph demonstrating a healed
comminuted fracture at one year follow up.
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Primary union
Secondary union

Radial nerve palsy

Operative time
ASES
Constant
PENN

SANE

Percent Fraction
92.9 (13/14)
100.0 (14/14)

0 (0/14)
Average Std. Dev.
102.75 21.02
78.15 12.75
72.08 13.48
81.87 12.21
82.73 13.71

TABLE 2: Outcomes: primary union rate, secondary union rate, radial nerve palsy, operative time
in minutes (time), American Shoulder and Elbow Society (ASES), Constant, Penn shoulder
(PENN), and Single Assessment Numeric Evaluation (SANE) at minimum one year after surgery.

Discussion

This is a clinical and radiographic report of consecutive complex humeral diaphyseal fractures treated with
percutaneous IMN placement with nearly 80% AO/OTA type C fractures in a high-risk patient population.
Radiographic union was achieved after the index procedure in all but one patient. The clinical outcome
scores in this series demonstrate satisfactory shoulder function at a one-year follow-up.

The union rate after the index procedure in this series was 93% (13/14) and compares favorably to union
rates previously reported in the literature (77-95%) with plate and nail fixation of humeral shaft fractures
[10,11,17,18]. In addition, while previous reports have included a wide array of fracture patterns, this study
focused primarily on complex fracture patterns. The significance of increasingly comminuted fracture
patterns is that they often rely on secondary bone healing to achieve union. IMNs are ideal in this scenario
as they allow the surgeon to control length, alignment, and rotation with minimal detriment to the soft
tissue envelope. Percutaneous insertion further minimizes soft tissue disruption, allowing healing potential
to be maximized.

Compared to open plating, the main advantages of IMN pertain to its decreased need for dissection, which
leads to decreased operative time [9,19], decreased soft tissue disruption [2,5], and decreased potential for
radial nerve palsy [6,7]. Fan et al. [19] found blood loss, operative time, and hospital stay to be significantly
lower for patients who underwent intramedullary nail fixation when compared to locked compression plates
for humerus fractures. In a prospective randomized study, Chapman et al. [17] concluded both IMN and
compression plating provided predictable methods for fracture union, but their opinion was that antegrade
nails were advantageous in more comminuted type C fractures.

Although minimally invasive plate osteosynthesis (MIPO) has recently gained popularity in treating humeral
shaft fractures [20], it remains unclear how effective MIPO is in treating extensively comminuted fractures.
In a randomized trial comparing MIPO and IMN, Benegas et al. [10] found both techniques produced similar
union rates and shoulder outcome scores, despite type C fracture patterns being over three times more
prevalent in the IMN cohort. In fractures with distal metaphyseal extension, such as those in Figure /A-1B, it
may be difficult to obtain adequate plate fixation in the distal fragment; in contrast, the IMN used in this
study allows an interlocking screw to be placed 7.5 mm and 21 mm proximal to the distal end of the implant
[21]. From a rehabilitation standpoint, surgeons may be less willing to allow patients to weight bear
immediately after plate fixation in these complex fracture patterns, which is significant in polytrauma
patients. The reduction of complex fractures may also be difficult in MIPO due to the inability to control
intercalary fragments. Finally, although traditional IMN and MIPO may have similar incision sizes, the
present described percutaneous IMN technique utilizes much smaller incisions than the 4-5 cm proximal and
distal incisions described in MIPO [22,23].

Importantly, there were no cases of postoperative radial nerve palsy using the described technique.
Similarly, Fan et al. [19] reported no radial nerve palsies in the IMN group compared to 10% in the open-
plating group. Other studies looking at secondary radial nerve palsies in humeral shaft fractures have found
a majority to occur in patients who underwent open plate fixation [8,24]. The nerve retraction typically
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needed for lateral plate placement is avoided with IMN placement. Radial nerve exploration is always an
option during humeral nailing. However, the advantages of a minimally invasive nailing technique are
partially negated by the exposure needed for nerve exploration.

The percutaneous technique in this study differs from previously described methods of intramedullary
nailing placement for humeral shaft fractures, which involve splitting of the deltoid muscle or detaching it
from its origin and a longitudinal incision of the rotator cuff [10,11,17], all of which can lead to longer
surgeries and more blood loss, especially in patients with larger body habitus. The percutaneous stab
incisions decrease the area susceptible to surgical site infection, a complication that is also often increased
in obese patients [25]. The present percutaneous technique does not involve surgical cutting of the deltoid
and supraspinatus but rather a blunt spreading of the deltoid and a single percutaneously placed "poke hole"
through the muscular portion of the rotator cuff to reach the insertion point on the humeral head. The nail is
inserted into a non-articulating portion of the chondral surface of the humeral head, previously described as
the optimal starting point to avoid rotator cuff disruption [13,26]. This technique allows the muscular
portion of the supraspinatus to be penetrated while sparing the tendinous insertion, as is done in
arthroscopic labral repairs [27]. While conceptual concerns exist regarding penetrating the articular cartilage
of the humeral head, reports documenting the use of retrograde femoral nails with a starting point through
the non-weight-bearing articular cartilage of the distal femur date back over 20 years [28,29] and continue to
yield positive results [30].

There are several limitations to this study. First, this cohort is retrospective and does not have a comparison
group with which to contrast endpoints. Additionally, the relatively small sample size (n=14) renders it
underpowered. Finally, the follow-up time of one year may not capture later long-term sequelae. However,
this is a unique cohort of complex fracture patterns in higher-risk obese and polytrauma patients with
radiographic and clinical outcomes showing a high union rate and low complications using a previously
undescribed percutaneous surgical technique.

Conclusions

In a consecutive series of complex fracture patterns in patients, percutaneous intramedullary nailing of
complex humeral diaphyseal fractures produced high union rates and satisfactory clinical outcome scores,
even in obese and polytrauma patients. Percutaneous placement of IMN should be considered as a treatment
option in multifragmentary comminuted, segmental, and long wedge humeral shaft fractures.
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