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Background: For proximal humeral fractures (PHFs), locking intramedullary nails and locking plates have been widely used.
However, few reports have been published on the therapy of complex PHFs accompanying humeral shaft frac-
tures. Therefore, we performed this research to analyze the effectiveness of locking intramedullary nails and
locking plates in the management of proximal humeral fractures involving the humeral shaft.

Material/Methods: We retrospectively reviewed 40 cases diagnosed with proximal humeral fractures involving the humeral shaft
fixed with either locking intramedullary nails or locking plates with at least of 2 years’ follow-up. Clinical data
were obtained from the medical records. Follow-up data included the Constant-Murley score, American Shoulder
and Elbow Surgeons score (ASES), visual analog scale score (VAS), and the relative strength of the supraspina-
tus and deltoid muscles.

Results: In total, 19 locking plate patients and 21 locking intramedullary nail patients were analyzed. The average follow-
up period was 35 months in the locking plate group and 34 months in the locking intramedullary nail group.
There were obvious differences in the intraoperative blood loss, time of operation, and the length of operative
incision between the 2 groups (p<0.05). There were no significant differences between the groups in Constant-
Murley score, ASES, VAS, or the relative strength of supraspinatus and deltoid muscles.

Conclusions: For PHFs involving the humeral shaft, both locking plates and locking intramedullary nails can achieve satisfac-
tory functional results in the long-term follow-up assessment. The locking intramedullary nail group was supe-
rior with regards to intraoperative blood loss, time of operation, and length of incision.

MeSH Keywords: Humeral Fractures ¢ Osteoporosis ¢ Retrospective Studies ¢ Shoulder Fractures

Abbreviations: ASES — American Shoulder and Elbow Surgeons; PHF — proximal humeral fracture; ROM - range of mo-
tion; VAS - visual analog scale
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Background

Proximal humeral fracture is one of the most frequent osteopo-
rotic fractures that occur in the aged population, causing sig-
nificant economic burden worldwide [1]. It has become more
prevalent in the elderly population, with the incidence of dis-
placed proximal humeral fractures (PHFs) requiring surgery also
increased [2]. In 1970, 85% of PHF were either non-displaced
or mildly displaced. However, owing to aging, this proportion
had decreased to 42% by 2012 [3]. While the treatment of dis-
placed PHFs has been well studied in the past decades [4-7],
the optimal treatment of PHFs involving the humeral shaft
was poorly discussed. The commonly used classification for
PHFs in current clinical practice is the Neer or AO/OTA classifi-
cations [8,9]. However, they mainly focus on the fracture pat-
tern proximal to the surgical neck of humerus, showing con-
siderable limits in properly describing fracture patterns of PHFs
involving the humeral shaft and are therefore insufficient for
guiding the surgery plans in such cases [10]. Instead, the clas-
sification proposed by H.W. Stedtfeld in 2014 [11] addressed
this issue and recommended dividing the humerus into 5 zones
according to the anatomy structure, which takes into consid-
eration the attachments of related muscles and the common
fracture extensions. As such, this classification reveals supe-
riority in guiding the application of suitable internal fixations
in PHFs involving the humeral shaft.

PHFs involving the humeral shaft could be treated either intra-
medullarily or extra-medullarily [5], including locking plates,
locking intramedullary nails, hemiarthroplasty, and reverse
shoulder arthroplasty [12-16]. However, debates persist in the
selection of internal fixation methods. In clinical practice and
the literature, the locking plates and the locking intramedul-
lary nails have been more widely used. However, there were
also some unsolved implant-related problems. For example,
iatrogenic rotator cuff lesions may occur when the intramed-
ullary locking nail is used, and whether the symptom would
recover in the long-term follow-up remained unclear for the
PHFs involving the humeral shaft patients. In addition, the
locking plate required more surgical time and involved great-
er intraoperative blood loss, which can increase the periop-
erative complications. Locking plates and locking intramedul-
lary nails have both been modified to overcome the problem
of fixation failure concerning PHFs [17,18]. A recent prospec-
tive RCT study showed that in elderly patients, intramedul-
lary nails had the same clinical effect and complication rates
as locking plates [19]. Similarly, a meta-analysis revealed that
both intramedullary nails and locking plates assured compa-
rable effective results [20]. However, for more complex sce-
narios, such as those involving humeral shaft fractures, it re-
mains unclear whether locking plates or locking intramedullary
nails can be used to achieve a satisfactory prognosis and which
method is better.

Song H. et al.:
Locking plates versus locking intramedullary nails fixation...
© Med Sci Monit, 2020; 26: €922598

In this study, we aimed to investigate both the intraoperative
parameters and the long-term functional outcomes of 40 pa-
tients with PHFs involving the humeral shaft, who had been
treated with either locking plates or locking intramedullary nails.

Material and Methods

Study subjects

We retrospectively analyzed all the patients diagnosed with
PHFs involving the humeral shaft between January 2010 and
December 2017 in Shanghai Renji Hospital. Inclusion criteria
were as follows: (1) proximal humeral fractures involving the
humeral shaft; (2) fresh fracture; and (3) no previous ipsilater-
al proximal humeral fracture. Exclusion criteria were as follows:
(1) pathologic fractures; (2) accompanied with neurovascular
damage; and (3) open fractures. In total, 43 cases were primar-
ily included, 3 were eliminated in the final analysis, 2 were lost
to follow-up (one in the long plate group and another in the long
nail group), and 1 died due to unrelated medical reasons (in the
plate group). X-ray and computed tomography were completed
for all the objects and were classified by 2 orthopedic surgeons
on the basis of the classification proposed by H.W. Stedtfeld [11].

Surgical procedures

The operations were conducted by 3 surgeons with similar expe-
rience in the same trauma orthopedics department (Yu-Qi Dong,
MD; Zhan-Yu Li, MD; Min Wei, MD). After induction of general
anesthesia, patients were positioned in the beach chair position.

For the locking plate cases, the traditional deltopectoral ap-
proach was used. Correct restoration of the fracture parts was
performed under C-arm fluoroscopy. Fracture fragments were
stabilized by temporary Kirchner wires and reduction forceps.
Then, a long proximal humeral locking plate (Smith & Nephew,
Memphis, USA) was placed 8 mm under the peak of the great-
er tuberosity. The long locking plate was placed at the prona-
tion direction according to the shape of the plate, and 1 spe-
cial calcar screw was used to avoid varus collapse (Figure 1).
The correct position of the plate and screws were confirmed
by fluoroscopy in both the anteroposterior and axillary direc-
tions. The incision was sutured without vacuum drainage.
The nerves, especially the radial nerve, were carefully protect-
ed during the operation [21].

For the locking intramedullary nail cases, we chose the antero-
lateral approach. The insert point was located at the tip of the
humeral head, medial to the greater tuberosity, and lateral to
the intertubercular sulcus. The insertion direction, which was
along the axis of the humeral shaft, was confirmed by C-arm
fluoroscopy. The nail (Smith & Nephew, Memphis, USA) was
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inserted nearly 5 mm under the cartilage surface of the humer-
al head (Figure 2). The distal and proximal screws were placed
with the help of an ancillary system. The rotator cuff was then
repaired, and the incision was sutured without vacuum drainage.

Allograft bone was used to address any significant bone de-
fect. Five patients received bone allograft, 2 in the locking plate
team and 3 in the locking intramedullary nail team. The in-
traoperative blood loss was recorded at the end of surgery.

Postoperative management and rehabilitation protocol

For all the patients enrolled, the shoulder was fixed postoper-
atively using a sling. Early passive ROM exercises were started
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Figure 1. (A) Representative anteroposterior plain radiograph
showing proximal humeral fractures involving the
humeral shaft. (B) 3D CT showing proximal humeral
fractures involving the humeral shaft. (C) Postoperative
anteroposterior plain radiograph showing fracture
fixation with a long locking plate.

on postoperative day 1 with slight Codman rotation exercises.
Three weeks postoperatively, rehabilitation exercises were
initiated. At the beginning, passive exercises of the shoulder
were initiated without causing any discomfort or pain. After
6 weeks, when the healing of the fracture was confirmed by
X-ray, active exercises were applied to the shoulder. The train-
ing intensity was adjusted stepwise and the normal motion of
the shoulder were pursued by 6 months after surgery.

Postoperative evaluation

Clinical follow-up was performed by 2 independent certified or-
thopedic trauma surgeons (Hui Song, MD; Tao He, MD) at 3, 6,
12, 24, and 36 months postoperatively. Plain radiographs were
obtained postoperatively and at each follow-up time-point.

Functional Evaluation of shoulder
Constant-Murley scores of the affected side were record-

ed as the primary outcome to evaluate shoulder function.
Secondary outcomes included American Shoulder and Elbow
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Surgeons (ASES), visual analog scale (VAS), the relative strength
of the supraspinatus and deltoid muscles, and active shoulder
flexion and abduction range of motion (ROM).

Radiographic evaluation

Plain radiographs of the anteroposterior and lateral direction
of the shoulder were obtained and assessed for fragment re-
duction, postoperative implant position, tuberosity resorption,
secondary migration of the humeral head, and failure of fixa-
tion. All radiographs were assessed by the same independent
observers conducting follow-up.
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Figure 2. (A) Representative anteroposterior plain radiograph
showing proximal humeral fractures involving the
humeral shaft. (B) 3D CT showing proximal humeral
fractures involving the humeral shaft. (C) Postoperative
anteroposterior plain radiograph showing fracture
fixation with a long locking intramedullary nail.

Statistical Analysis

All data were analyzed using SPSS software, version 19.0
(SPSS, Inc., Chicago, IL, USA). The t test was used for contin-
uous data. When continuous data were non-normally distrib-
uted, the Mann-Whitney U test was used and results are rep-
resented by medians. The ¥? test or Fisher’s exact test was
used to analyze the categorical variables. A p-value less than
0.05 was considered statistically significant.

Results

Demographic data were obtained from the medical records
(Table 1). There were no differences in baseline parameters,
and they were comparable between the 2 groups. According to
the Neer classification for PHFs, there were 15 cases of 2-part
fractures (7 cases in the locking plate group and 8 cases in the
intramedullary nail group), 12 cases of 3-part fractures (5 cas-
es in the locking plate group and 7 cases in the intramedul-
lary nail group), and 13 cases of 4-part fractures (7 cases in
the locking plate group and 6 cases in the intramedullary nail
group). Stedtfeld classification is shown in Table 2. Of the 40
patients reviewed, 19 were fixed with locking plates and 21
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Table 1. Demographics and clinical data of the patients.

CLINICAL RESEARCH

Plates Nails p-value

n 19 21
CMale s e
—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0511

Female 14 13
Averageagely) &6 612 0867
* Median folow-up+SD (m) 29:11.1 31x96 0264
* Median time between injury to operation+SD (days) 3413 12 0978
* Median time in hospitalSD (days) ~ 13:44 929 0118
Table 2. Classification of PHFs involving the humeral shaft Discussion

according to the Stedtfeld classification.

Grade Plates Nails
Bl 6 11
B2 13 10

were treated with locking intramedullary nails. The mecha-
nism of injury was falling from height (n=32) or motor vehicle
collisions (n=8). Fracture union was achieved for all the cases
by 14 weeks postoperatively. At the last follow-up visit, there
were no obvious differences in the Constant-Murley score or
ASES score between the 2 groups. There was no significant
difference in the relative strength of the supraspinatus or del-
toid muscles between the groups (Table 3).

There was no wound infection, nerve damage, humeral head
osteonecrosis, or humeral head varus collapse in this patient
cohort. At the final follow-up visit, 4 patients (2 in the plate
team and 2 in the nail team) complained of mild, occasional
shoulder pain, but this improved with physical therapy.

For PHFs involving the humeral shaft, the fracture lines are lon-
ger and more complex than in simple PHFs. The internal fixa-
tion devices frequently used for PHFs are normally too short
and result in unstable fixation due to the fracture lines extend-
ing into the humeral shaft [17]. The devices, therefore, cannot
sufficiently span the entire fracture area and maintain the sta-
bility during the period of bone union. Therefore, long locking
plates and long locking intramedullary nails are the more ap-
propriate choices. In our study, based on Stedtfeld’s categori-
zation, the most common fracture type is Group B, consistent
with reports by other groups. However, Stedtfeld et al. only re-
ported the use of long intramedullary nails, without the appli-
cation of long locking plates, and the long-term outcomes of
either long locking intramedullary nails or plates were poor-
ly investigated [11].

From our follow-up analysis, although good shoulder function
was obtained with either long locking plates or long intramed-
ullary nails, they have their own pearls and pitfalls. Locking
plates are routine treatments for both PHFs and humeral shaft
fractures. However, limitations are present owing to the longer

Table 3. Follow-up data (nedian+SD) of the shoulder function, surgery associated data, and relative strength of the shoulder muscles.

Characteristic

Constant-Murley score

Strength of deltoid muscle (injury side/healthy side) (%)

9319.6 90+10.5 0.408
"""" 90+¢11.0 88109 0536
""""" 2412 111 0483
3sos572 1008293 - 0001
"""" 120206 ~ 80s105 <0001
""" 162628 85:l4 <0001
1348447 1388453 0065
""" 792689 70396 0162
""" 7096103 720698 0835
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incision compared with intramedullary nails and more interfer-
ence with the regionally important structures [22]. To obtain
correct restoration of the fracture parts under direct visualiza-
tion, a longer skin incision was necessary, and a more compre-
hensive separation of the muscle was inevitable, subsequently
causing more intraoperative blood loss [23,24]. Kozanek et al.
reported that decreasing the operation time and the amount
of blood loss reduced the need for transfusion, which relat-
ed to inpatient adverse events such as surgical site infection
and pulmonary embolism [25]. Thus, for elderly patients and
those with chronic comorbidities, the long locking plates are
less preferable than intramedullary nails owing to the great-
er intraoperative blood loss and the subsequent transfusion-
associated complications. In some challenging cases, to obtain
the ideal placement of the long locking plate in this kind of
fracture, part of the deltoid muscle has to be cut, which inter-
feres with the deltoid attachment on the humeral shaft, sub-
sequently influencing shoulder abduction [26,27]. In the pres-
ent study, all patients in the locking plates group received long
locking plates, with the plates placed at the pronation direc-
tion of the humeral shaft to minimize the irritation and strip-
ping of the deltoid muscle. From our 2-year analysis, the rela-
tive strength of the shoulder abduction showed no significant
differences between the plates group and the nails group. In
our opinion, pronation direction placement of the plate min-
imizes the plates-related influence on the biceps brachii and
the deltoid muscles. Additionally, deltoid strength can be com-
pensated for with proper rehabilitation postoperatively, even
though a bundle of the deltoid muscle was cut.

In terms of the treatment with locking intramedullary nails,
although various methods were used to protect the supraspi-
natus upon insertion, entry point-associated complications
are still a primary concern when a proximal humeral ante-
grade nail is used [28,29]. It is noteworthy that the supraspi-
natus is more susceptible, which will affect shoulder abduc-
tion and the rotator cuff. A prospective randomized trial by
Zhu et al. [30] showed that at 1 year, the locking nail group
showed significantly reduced supraspinatus muscle strength
(p=0.032) in the injured shoulder compared with the locking
plate group. Nevertheless, there was no significant difference
(p=0.106) between the groups at 3 years. The long-term effect
on deltoid strength was not analyzed. In the present study,
the long locking intramedullary nails were used to cover the
span of the fracture lines and fracture fragments. Nevertheless,
we found no statistically significant differences in shoulder
strength and rotator cuff-related complications between the
groups at 2-year follow-up.

Song H. et al.:
Locking plates versus locking intramedullary nails fixation...
© Med Sci Monit, 2020; 26: €922598

In this study, no wound infections, neurologic damage, or hu-
meral head osteonecrosis or varus collapse were noted. This
should be attributed to our rigorous sterile operation and
postoperative care, as well as careful exposure and protec-
tion of the nerves intraoperatively [31]. Furthermore, the soft
tissues around the humeral head were cautiously protected,
with minimal interference with arterial supply to the humer-
al head and the fracture ends [32], subsequently decreasing
the risk of humeral head avascular necrosis. The exact place-
ment of the calcar screw is also crucial to provide sufficient
inferior stability of the humeral neck, reducing the incidence
of humeral head varus. At the final follow-up visit, there were
4 patients who complained of rotator cuff problems. These
patients were older than 65 years at the final follow-up visit
and may have had imperfect rotator cuff repair or age-relat-
ed degeneration.

There are several limitations in our study. While all follow-up
examination data were collected by 2 independent observers,
they were aware of the fixation method used, which may have
caused information bias. Also, this study was retrospective in
nature. Additionally, surgical skills may differ between sur-
geons. However, to minimize this bias, all surgeons engaged
in this study were required to rigorously follow the standard-
ized and structural surgical procedures for either intramedullary
nail or plate fixation of PHFs involving the humeral shaft made
by our department. Last but not least, the choice of fixation
method made by surgeons could have caused selection bias.

Conclusions

Patients with PHF involving the humeral shaft can regain good
shoulder function regardless of using either long locking plates
or intramedullary nails. Similar recovery of the average strength
of the supraspinatus and deltoid muscle were achieved by
both modalities in the long-term follow-up. Elderly patients
with chronic systemic disease or weakness may benefit from
the use of locking intramedullary nails owing to shorter op-
eration time, shorter incision, and less intraoperative blood.
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