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ORIGINAL STUDY

Retrograde intramedullary nailing for humeral midshaft fractures :
a retrospective cohort study

Femke Nawwn, Jort Keizer, Laurien WAAUER, Willem-Maarten PF Bosman, Philippe WitTicH, Benjamin L. EMMiINK

From the St Antonius Hospital, Department of Surgery, Utrecht, The Netherlands

This study evaluates the patient-reported functional
outcome, clinical functional outcome and frequency
of complications of simple oblique and transverse
humeral midshaft fractures treated with a retrograde
expert humeral nail.

A retrospective cohort study of humeral midshaft
fractures (AO 12-A2, 12-A3) treated with retrograde
nailing between January 2010 and February 2018
in a level II trauma center was performed. Patients’
perception of functional outcome was measured
using the Disabilities of the Arm, Shoulder and Hand
(DASH) scores.

Thirteen patients with a median age of 20-years were
treated with a retrograde nail. The median DASH
score, administered 29 months (IQR 74) after surgery,
was 7.9 (IQR 15.9). There were no perioperative frac-
tures and the frequency of complications was 8%,
being one nonunion.

Retrograde nailing for humeral midshaft fractures
is a safe technique, with excellent patient reported
and clinical functional outcome. No iatrogenic peri-
operative fractures occurred and the frequency of
complications was low. We recommend the retrograde
technique, if surgical fixation of humeral midshaft
fractures is needed, especially in younger patients for
who rotator cuff associated injuries will have a major
impact on quality of life.

Keywords : Humeral midshaft fracture ; intramedullary
nailing, retrograde ; operative complications ; patient
reported outcome measurement ; DASH.
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Abbreviations

AO = Arbeitsgemeinschaft fiir Osteosynthesefragen
DASH = Disability of Arm, Shoulder and Hand

EHN = Expert Humeral Nail

HET = High Energy-impact Trauma

IMN = IntraMedullary Nailing

IQR = InterQuartile Range

LET = Low Energy-impact Trauma

SD = Standard Deviation

STROBE = Strengthening the Reporting of Observational

Studies in Epidemiology

INTRODUCTION

Simple oblique and transverse humeral midshaft
fractures are common humeral shaft fractures,
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comprising 35% of all fractures affecting the humeral
midshaft (4). Humeral midshaft fractures can be
managed nonsurgical with splinting or a functional
(Sarmiento) brace, with reported union frequencies
of 90% (13). However, conservative treatment is
associated with discomfort, longer rehabilitation
periods and risk of malalignment (varus or
valgus deformity) affecting functional outcome,
especially shoulder exorotation (7,9,73). Evaluation
of the different subtypes of humeral midshaft
fractures shows higher frequencies of nonunion of
conservative treated oblique (17.5%) and transverse
midshaft fractures (8.9%) (18). Therefore, these
fractures could benefit considerably from primary
surgical fixation. This provides stability and
adequate alignment of the bone fragments, allowing
rapid return of full arm mobilization (27).

Multiple techniques are available for surgical
fixation of oblique and transverse humeral mid-
shaft fractures, such as closed reduction with
intramedullary nailing (IMN) and open reduction
with plate fixation (7,30). IMN and plate fixation
have similar frequencies of union, but the advantage
of IMN over plate fixation is caused by the less
invasive approach (8).The closed insertion requires
a smaller incision and less dissection, resulting in
limited soft-tissue and vascular disruption and less
scarring (7,22,30). Furthermore, the periosteal blood
supply can be maintained, the risk of iatrogenic
radial nerve injury and postoperative infection
is reduced, and the nail provides load-sharing
mechanical properties which plates cannot provide
(7,12). Resistance regarding the use of antegrade
IMN is caused by the higher incidence of shoulder
and subacromial impingement complaints, chronic
postoperative shoulder pain and iatrogenic rotator
cuff injuries associated with antegrade insertion
(2,12,22,30). To avoid these complications, a retro-
grade approach was developed. This technique uses
an extra-articular dorsal entry portal in the distal
humerus at the olecranon fossa (2,7,29). However,
retrograde nailing has been associated with
higher frequencies of perioperative supracondylar
fractures, limited elbow motion, triceps muscle
weakness and periarticular ectopic ossification
resulting in reluctance to use this technique (2).
Even though the first articles promoting retrograde
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over antegrade intramedullary nailing - based on
less shoulder complications and better functional
outcome - were published over twenty years ago,
to this day retrograde nailing is not commonly
accepted as a viable treatment option for humeral
midshaft fractures (15,21). In our clinical experience
retrograde IMN using the expert humeral nail
(EHN, DePuy Synthes, Oberdorf, Switzerland) is a
viable treatment option for fixation of oblique and
transverse humeral midshaft fractures. Therefore,
this study evaluates the patient reported functional
outcome, clinical functional outcome and frequency
of complications of simple oblique and transverse
humeral midshaft fractures treated with retrograde
EHN.

PATIENTS AND METHODS

Institutional review board approval for this
single-center retrospective cohort study was a priori
obtained. A study protocol was not registered or
published. This article was written, if applicable,
in adherence to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE)
statement.

Study design

Patients with humeral shaft fractures treated
with the retrograde EHN at a large level II trauma
center, were identified using the operation code
“humerus” in the hospital’s electronic patient
database. Patients who received treatment by means
of this technique during the period of January 2010
until February 2018 were manually identified from
this search. This broad search was performed to
reduce selection bias. All patients, regardless of
age, with a non-pathological humeral shaft fracture
(AO-classification 12-A2, 12-A3, see Fig la/Fig
1b) treated with the retrograde IMN technique
were eligible for inclusion in this cohort study.
The number of cases found during the study period
determined the sample size.

For all patients, baseline characteristics (age,
gender, AO-classification, injured side, concomitant
injuries, trauma mechanism, fracture alignment,
days between trauma and surgery, neurovascular
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Fig. 1. — Radiographs a) AO 12-A2 fracture ; b) AO 12-A3
fracture ; ¢) Postoperative radiograph after treatment with a
retrograde intramedullary nail.

status), perioperative information (blood loss,
duration of procedure, perioperative complications)
and follow-up information (duration outpatient
clinical follow-up, first sign of consolidation, elbow
function, nail removal) were retrieved from the
electronic patient database. Trauma mechanisms
were categorized in high (HET) and low (LET)
energy-impact trauma according to the Advanced
Trauma Life Support guidelines (1). To evaluate
long-term functional outcome, all patients were
contacted by the researchers to fill out the Disability
of Arm, Shoulder and Hand (DASH) questionnaire
between January and June 2018. The questionnaire
consists of 30 items, each scored on a scale of 1 (no
disability) to 5 (severe disability). These scores are
used to calculate a score from 0 to 100 reflecting
patients’ perception of disabilities and symptoms
related to the injury (28). No to minimal impairment
was defined as a score 0-20, 20-40 as mild, 40-60 as
moderate, 60-80 as severe and 80-100 as disabling.
If applicable, the patients were asked to fill out the
work and sports/performing arts modules.

Surgical technique

The patient is placed in prone position with the
upper arm resting on a radiolucent arm board with

flexion in the elbow possible up to 100 degrees
while the forearm is facing down (Fig. 2a). Over the
posterior aspect of the distal humerus, a longitudinal
incision (10 cm) is made towards the olecranon,
followed by splitting of the triceps muscle insertion.
The entry portal is made at the superior edge of
the olecranon fossa with several drill holes, in an
oval form of approximately 30mm x 10mm (Fig.
2 b/c). Using a cone-shaped burr, the entry portal
is formed and further extended into the medullary
canal (Fig. 2 d/e). The aim is to create a longitudinal
entry hole from the fossa into the medullary canal.
Making a triangular based hole should be avoided,
as we believe that this configuration is at risk for
iatrogenic fractures of the distal humerus. A guide
wire is then introduced passing the fracture up to the
proximal humerus. The medullary canal is reamed,
first with rigid hand reamers followed by flexible
reamers to further expand the medullary canal, until
the nail can be easily inserted without extensive
force or any signs of obstruction. If necessary, the
entry point and medullary canal should be reamed
further. This part of the surgical procedure is
essential for avoiding iatrogenic fractures. The nail
is gently inserted along the guide wire followed by
placing one or two distal interlocking screws using
the aiming guide (Fig. 2f). One or two proximal
interlocking screws are placed with the free hand
technique (see Fig 1c for postoperative radiograph).
Finally, the triceps muscle fascia, subcutis and skin
are closed. The patient is given a pressure bandage
for 48 hours. Directly after surgery, depending on
the pain, active and passive movements are allowed,
including loading and rotational movements of the
shoulder, humerus and elbow.

Statistical analysis

Descriptive statistics were applied to the baseline
characteristics. For continuous data medians were
presented with the interquartile range (IQR).
Categorical data were presented as frequencies
with percentages. Missing data were handled using
pairwise deletion to reduce information bias. The
primary outcome of this study was the patient
reported functional outcome reported as a median
DASH score. The secondary outcomes were the
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Fig. 2. — Surgical procedure a) Positioning ; b) Creating an oval entry portal using several drill holes ; ¢) The multiple drill holes in
an oval shape to be connected with a cone-shaped burr ; d) The cone-shaped burr ; e) Finished oval entry portal after molding with
the cone-shaped burr ; f) Perioperative fluoroscopic image of distal position of EHN.

clinical functional outcome reported as elbow range
of motion and the frequency of complications in
percentages. No statistical tests were performed due
to the small sample size. Data were analyzed with
SPSS version 25.0 (IBM Corp. Armonk, NY, USA).

RESULTS
Baseline characteristics

Thirteen patients treated with retrograde
intramedullary nailing were identified and all
were included in this study. One patient was lost
to follow up due to residency abroad. The baseline
characteristics are listed in Table I. The median age
was 20 years (IQR 17 to 38). Nine patients were male
(69%). Eight patients (62%) had closed displaced
transverse humeral midshaft fractures (AO 12-A3)
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and five (38%) patients had closed displaced oblique
humeral midshaft fractures (AO 12-A2). Four
patients had concomitant upper extremity injuries.
One patient had an ipsilateral fracture of the clavicle
and three patients had nerve injuries ; one patient had
neurapraxia of the brachial plexus which resulted in
loss of motoric function of the biceps muscle, the
other patient reported pre-operative paresthesia of
the radial nerve and another patient experienced pre-
operative sensory and motor loss of the ulnar nerve.
All these concomitant upper extremity injuries were
trauma related, not procedure related. Median time
between trauma and surgery was three days (IQR
1 to 11). The main reasons for choosing surgical
fixation using retrograde IMN in this cohort was
the combination of a relatively young age, presence
of severe dislocation and an oblique or transverse
midshaft fracture. All surgical procedures were
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Table I. — Baseline characteristics of patients treated with
the retrograde intramedullary nail for oblique and transverse
humeral midshaft fractures

n=13

Median age (min-max, IQR) 20 (14 - 59, 21)
Sex

Male 9 (69%)

Female 4 (31%)
Side

Left 7(54%)

Right 6 (46%)
Trauma mechanism

Low energy-impact trauma 7 (54%)

High energy-impact trauma 6 (46%)
AO fracture classification

12-A2 5(38%)

12-A3 8 (62%)
Pre-operative associated arm injuries

Radial nerve injury 1 (8%)

Ulnar nerve injury 1(8%)

Neuropraxia brachial plexus 1 (8%)

Clavicle fracture 1 (8%)

AO = Arbeitsgemeinschaft fiir Osteosynthesefragen ; IQR =
InterQuartile Range.

performed by experienced orthopedic trauma
surgeons. The operation had a median duration of
80 minutes (IQR 80 to 90) with 100 ml blood loss
(IQR 50 to 150). Median outpatient clinical follow-
up was five months (IQR 3 to 7). At eight weeks
postoperatively the first signs of consolidation were
seen in all patients, no earlier radiographs were
made. A detailed overview of all patients can be
found in table II.

Outcome

The median score of the DASH-questionnaire,
administered at a median of 29 months (IQR 7 to
81) after surgery, was 7.9 (IQR 2.1 to 18.0). None
to minimal impairment was reported by ten patients
(84%) one patient reported mild disability (8%) and
one patient reported moderate disability (8%). The
DASH work and sport/arts module had a median
score of 0 (IQR 0 to 50) and 25 (IQR 3 to 75),
respectively (Table III).

The frequency of postoperative complications
was 8% (n= 1), being a clinically relevant nonunion
of the midshaft humeral fracture. This patient had

a suspected (not radiological confirmed) traumatic
refracture two weeks after surgery. Secondary
surgery (nail removal and plate fixation) was per-
formed after a year due to hypertrophic nonunion.
This patient reported the highest DASH score of this
cohort. The nail was removed without complications
in another patient five years after primary fixation
due to irritation of the nail at the distal humerus.
No perioperative iatrogenic fractures occurred.
All patients had an excellent elbow function at
6 months, all with full range of flexion and on
average a minimal extension limitation (Table II).
Furthermore, no other postoperative complications
(e.g. wound complications, infection, triceps muscle
weakness, periarticular ectopic ossification) were
reported during follow-up.

DISCUSSION

This study shows that retrograde IMN using
the EHN provides excellent treatment results for
transverse and oblique humeral midshaft fractures
in a young patient population. Excellent patient-
reported functional outcomes (median DASH score
7.9) and clinical functional outcomes were obtained.
No perioperative complications were encountered
and high frequencies of union (92%) were achieved.

The advantage of retrograde over antegrade
IMN is based on the absence of rotator cuff injury.
Multiple studies have assessed the frequency of
shoulder impingent and shoulder dysfunction
following antegrade nailing, reporting frequencies
from 3.7% up to 31.6% (5,8,9,14,20). Kurup et al.
found that 13% of all antegrade inserted nails
were removed, for which shoulder impingement
complaints was the most prominent reason (I4).
Due to the extra-articular insertion point of the
retrograde nail at the olecranon, the rotator cuff
and articular cartilage are not violated, resulting in
better functional outcome of the joint in contrast to
the longer shoulder recovery seen with antegrade
nailing (9). Postoperative regainment of elbow
function after retrograde IMN has previously
been described as complete in 87.5-100% of all
cases (6,9,11,15,21,22). Adding to this evidence, our
study showed no limitation in elbow motion. This
is the first study reporting the patient’s perception
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Table II. — Details of thirteen patients with oblique and transverse humeral midshaft fractures treated with retrograde intramedullary

nailing
Caseno.| Age | Sex | Side Trauma Additional AO- | Time to Peri- First consolid- | Follow-
(years) mechanism injuries code |surgery| operative ation seen up
(days) | complications (weeks) (months)
1 18 M L Scooter Paresthesia radial | 12-A2 1 None 8 5
accident (HET) nerve
2 17 M R* Scooter Isolated 12-A3 2 None 6 5
accident
(HET)
3 20 F R* Fall from standing Isolated 12-A3 11 None 8 2
height (LET)
4 19 M L Car accident (HET) Metatarsal 12-A3 3 None 7 6
fractures L,
neuropraxia of
brachial plexus
5 17 M L* Scooter Isolated 12-A3 10 None 6 2
accident
(HET)
6 40 M L Bicycle Isolated 12-A2 25 None 4 2
accident
(LET)
7 35 F L Fall from Isolated 12-A2 1 None 8 8
horse (HET)
8 34 M R* Fall from Isolated 12-A3 12 None 4 9
height (1m)
(LET)
9 59 M L* Bicycle Isolated 12-A2 0 None 6 6
accident
(HET)
10 41 M R Fall sports Isolated 12-A3 10 None 6 4
(LET)
11 17 F L Fall from horse (HET) Isolated 12-A2 6 None 7 5
12 14 F R | Bicycle accident (HET) | Clavicle fracture | 12-A3 1 None 4 7
R, sensory and
motoric loss of
ulnar nerve
13 24 M R Fall sports (LET) Isolated 12-A3 2 None LFU LFU

AO = Arbeitsgemeinshaft fiir Osteosynthesefragen; DASH = Disability of Arm, Shoulder and Hand; EHN = Expert Humeral Nail; F= Female; M =
Male; L = Left; R = Right; HET = High Energy-impact Trauma; LET = Low Energy-impact Trauma; LFU = Lost to Follow-Up; NA = Not Applicable;
* = Dominant hand.

Table III — Patient-reported functional outcome of the retrograde intramedullary nail for oblique and
transverse humeral midshaft fractures

Median scores (min-max, IQR) n=
General DASH questionnaire score 7.9(0.8-42.2,15.9) 12
DASH work module score 0.0 (0.0 - 68.8, 50.0) 11
DASH sports/performing arts module score 25.0 (0.0 - 100, 71.9) 9
DASH = Disability of Arm, Shoulder and Arm; IQR = InterQuartile Range
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Table II. — Details of thirteen patients with oblique and transverse humeral midshaft fractures treated with retrograde intramedullary

nailing
Full elbow DASH score | DASH | DASH sports/ | Surgery EHN Additional comments
function work | arts module | to DASH removal
(months) module score
(moths)
5 43 0 NA 90 No Complete recovery of nerve injury after surgery
5, hence 5 1.7 NA NA 92 Yes
degree extension
limitation
2 1.7 0 0 81 No Indication for surgery after week of conservative
treatment due to increase of varus deformity
Unknown 19.0 50 25 80 No After trauma weakness of biceps brachii muscle due to
neuropraxia of the brachial plexus, resulting in inability
to flex elbow. During follow-up delayed union was
seen without clinical consequences. After 7 years still
limited eccentric contraction of biceps muscle and loss
of sensibility in arm due to brachial plexus injury
2, hence 5 15.0 50 100 78 No
degree extension
limitation
Unknown 27.5 0 NA 31 No Pre-operative limited elbow extension due to surgical
delay of 3 weeks with conservative treatment
4 7.5 0 62.5 27 No
2 0.8 0 0 24 No
6 422 68.8 87.5 8 Yes Possible refracture after new trauma two weeks after
surgery. Re-operation with nail removal and plate
fixation one year later due to non-union
4 12.5 0 25 7 No
5 33 18.8 31.5 No
Unknown 8.3 12.5 6.3 3 Planned for | Post-operative persistent sensory and motoric loss of
11 months | ulnar nerve, complete recovery after 7 months
after initial
fixation
LFU LFU LFU LFU LFU LFU

of functional outcome after retrograde IMN for
displaced humeral shaft fractures by using a patient
reported outcome measurement tool (e.g. DASH
score), so no comparative results are available

Our study shows that if the entry portal is created
carefully, iatrogenic fractures can be avoided. One
of the reported reasons for hesitance towards using
retrograde IMN is caused by fear for supracondylar
perioperative fractures during nail insertion and/or
reaming (5,20,23). Perioperative fractures are thought
to be caused by the smaller diameter of the distal
humeral canal, the small angle at which the nail

needs to be inserted and the over-reaming needed
for retrograde nail insertion (9,77). As the presence
of the olecranon prevents a pure linear approach to
the axis of the medullary canal, a diagonal insertion
angle with a slight slope (+/- 10 degrees) is necessary
(3). Therefore, carefully creation of an oval entry
point at least 10 mm in width and 20-30 mm in
length is key for limiting perioperative fractures
by providing more linearity and thereby reducing
high stress on the bone margins during nail insertion
(5,9). Since the distal medullary canal is narrow, it is
advised to hand ream the canal at least 2 mm larger
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than the width of the chosen nail and insert the nail
with small rotatory hand movements and not by
hammer (3,5). However, care should be taken, since
excessive reaming can cause devascularization of
the bone resulting in bone necrosis, possibly causing
nonunion and infection (9,76). Studies comparing
antegrade with retrograde IMN found that the
retrograde approach has a longer learning curve and
is technically more demanding due to the nonlinear
approach to the medullary canal axis (3,9). Some
authors even discourage the retrograde approach
and advice the antegrade approach in patients with
a narrow medullary canal (3,24). However, our study
shows that retrograde IMN is safe and provides
excellent functional results, especially in a young
patient population.

Radial nerve palsies have been reported as one
of the possible complications in humeral shaft
fractures due to the close proximity of the radial
nerve to the humeral shaft (7,70,12). Transverse and
spiral fractures, especially of the mid-third and distal
third of the humerus, are associated with higher
frequencies of radial nerve palsies (25). latrogenic
radial nerve injury could occur if the radial nerve
is incarcerated between both fracture fragments, or
due to elongation or torsion of soft tissue, including
the radial nerve, during nail insertion (70,29). In
patients with primary radial nerve palsy, it could be
contemplated to perform IMN under direct vision
of the radial nerve by exploring the nerve through
a separate incision or to perform an open reduction
and plate fixation, whereby the radial nerve can
be inspected (10,11,20,29). Most radial palsies
reported in literature recovered completely without
needing surgical nerve exploration (77,29). In our
cohort one patient had preoperative mild radial
nerve paresthesia, which recovered immediately
postoperative. Furthermore, one of our patients had
an ulnar nerve palsy at initial presentation, which
is extremely rare. Ulnar nerve injury caused by
humeral shaft fractures has only been described
in two cases in the English literature (79,26). Our
patient most likely endured the ulnar nerve injury
due direct impact on the arm caused by the trauma.

The frequency of union within our cohort was
92%, which is in line with previously reported union
frequencies for IMN in general and specifically
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for retrograde IMN, 88-97% and 91-100%, res-
pectively (6,7,9,11,23,24). When nonunion does occur
in humeral shaft fractures treated with IMN, it
most often concerns transverse midshaft fractures
due to rotational instability (24). Our previously
reported patient suffered from a hypertrophic
nonunion, which has been associated with loss of
mechanical stability (29). In this case, the nail was
distally locked with only one screw and the patient
sustained a possible traumatic refracture two weeks
after surgery, both possibly contributing to loss of
stability. Resulting from this case, we recommend
ensuring optimal stability by using two interlocking
screws distally as well as proximally.

In current literature, removal of the nail is
not advised, since it has been associated with
a cumulative complication risk of 17.3% (e.g.
supracondylar fractures during or after nail removal)
(11,22,24). In our study, the nail was removed in
two patients without any complications.

Several limitations affect our generalizability.
First, our relatively young cohort limits extra-
polation of our findings, with confidence, to an
older demographic group. In our clinic, the elder
patient is more frequently treated with an antegrade
IMN due to pre-existent rotator cuff damage
resulting in this selection bias. Especially for this
younger demographic group, for which our results
are applicable, limited shoulder and elbow function
has the most devastating consequences. Second,
the retrospective nature of this study and the cross-
sectional data collection of DASH scores limits
the ability to provide firm conclusions regarding
the time frame in which patients regained the
excellent functional outcome. Third, the work and
sports module are based on the work and sports
most important to the individual patient, therefore,
labor intensive work or sports requiring extensive
arm force and movement results in relative higher
scores. Fourth, the DASH score can be influenced
by concomitant ipsilateral arm injuries, making it
difficult to distinguish disability solely caused by the
humeral fracture or the concomitant injury. Finally,
elaborate recording of the desired variables in the
patients’ charts resulted in few missing variables
limiting the risk at information bias.
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CONCLUSION

The retrograde approach for IMN is a safe surgical
technique with satisfactory results for fixation of
displaced humeral oblique and transverse midshaft
fractures. Our findings suggest an excellent clinical
and patient reported functional outcome with a low
frequency of nonunion. The risk of iatrogenic distal
humeral fractures can be limited if the entry portal
is created carefully. We therefore recommend the
retrograde nailing technique if surgical fixation of
displaced midshaft humeral fractures is required,
especially in younger patients for who rotator cuff
associated injuries will have a major impact on
quality of life.
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