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Background: The purpose of this study was to identify nerves at risk when using a minimally invasive
plate osteosynthesis precontoured long proximal humerus locking plate and to evaluate the risk of injury
to deltoid insertion and brachialis muscle.
Methods: Ten cadaveric upper limb specimens were used. A transdeltoid anterolateral approach was
performed proximally and a second anterior approach was performed distally. A 14-hole “low” long
precountored ALPS locking plate (Biomet Trauma; Zimmer Biomet, Warsaw, IN, USA) was used. Subse-
quently, anatomic dissection to measure the anatomic relationship of the plate with the deltoid insertion,
with the brachialis muscle, and with the axillary, radial, and musculocutaneous nerves was performed.
Results: The mean humeral length was 302 mm (standard deviation 52.3, 99% confidence interval:
259.3-344.6). In 6 specimens, the axillary nerve was located at the level of the third row of holes of the
plate; in 3 specimens, at the level of the fourth row; and in one specimen, at the level of the second row.
The distance between the plate and the musculocutaneous nerve was on average 10.2 mm (standard
deviation 4, 99% confidence interval: 6.9-13.5) and between the plate and the radial nerve was on
average 7.9 mm (standard deviation 4.7, 99% confidence interval: 4-11.8). The plate pierced the anterior
distal fibers of the deltoid in all specimens. In 8 specimens, no brachialis muscle fibers were located
under the plate.
Conclusions: The use of the long precontoured 14-hole ALPS locking plate with the minimally invasive
plate osteosynthesis technique, previously identifying the axillary and musculocutaneous nerves, is
feasible; however, the distances between the plate and the nerves remain low, so caution should be
maintained. Despite the curved design of the plate, the deltoid insertion is partially compromised in all
cases.

© 2021 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Minimally invasive plate osteosynthesis (MIPO) for surgical
treatment of humeral shaft fractures has gained popularity in
recent years. Meta-analysis have shown advantages of MIPO plates
over endomedullary nails in nonunion rates and over open
reduction and internal fixation in iatrogenic neurologic injury
rates.15,16 Compared with plate open reduction and internal fixa-
tion and endomedullary nails, the MIPO plate technique has also
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shown better clinical outcomes with a lower rate of complica-
tions.6 Proximal metadiaphyseal fractures require long proximal
humerus locking plates for stabilization making MIPO technique
especially challenging in this area. Previous studies with MIPO
technique in proximal metadiaphyseal fractures have used long
straight or hand-contoured plates during surgery.10,14 Long
straight plates risk radial nerve injury and manual contouring of
the plate is technically difficult, imprecise, and can also damage
the locking thread at the torsion point.3 New precontoured plates
have been designed to avoid those problems and to prevent injury
to the deltoid insertion. However, there are no published data
regarding the potential neurologic risk and deltoid insertion
injury when using these new precontoured long plates with MIPO
technique.
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Figure 1 Right arm. Anterior view of the distal approach. Biceps brachialis retracted
medially and musculocutaneous nerve exposed.

Figure 2 Periosteal raspatory elevator specially designed for MIPO technique.

Figure 3 Left 14-hole “low” long precontoured ALPS locking plate.
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The purpose of this cadaveric study is to identify nerve struc-
tures at risk when using a MIPO precontoured long proximal
humerus locking plate and to evaluate potential injury to deltoid
insertion and brachialis muscle.

Material and methods

Ten cadaveric upper limbs specimens were used. None of the
specimens showed signs of previous surgeries or injuries. Skin
marks were made on the lateral border and posterolateral corner of
the acromion and lateral epicondyle. Total length of the humerus
was measured between posterolateral corner of the acromion and
lateral epicondyle. A transdeltoid 7-cm-long anterolateral approach
was performed. With blunt dissection, the axillary nerve was
routinely identified and protected. A distal approach was per-
formed 5 cm proximal to the anterior fold of the elbow and 4-5 cm
long. The intermuscular plane between the biceps and brachialis
muscles was developed laterally, the biceps was retracted medially,
and the musculocutaneous nerve was identified and protected
(Fig. 1). A periosteal elevator specially designed for MIPO tech-
niques was used to create a submuscular tunnel: the brachialis
muscle fibers were split longitudinally from proximal to distal
(Fig. 2). A 14-hole “low” long (227 mm) precontoured ALPS locking
plate (Biomet Trauma; Zimmer Biomet, Warsaw, IN, USA) (Fig. 3)
was introduced from proximal to distal (Fig. 4). The plate was
positioned 2 cm distal to the upper border of the greater tuberosity
as per manufacturing recommendation and fixed proximally with a
Kirschner wire and distally with a cortical screw. Once the plate
was fixed proximally and distally, the skin and subcutaneous tissue
were removed, taking special consideration not to resect muscle
tissue. Subsequently, anatomic dissection and measurement of the
anatomic relationship of the plate with the deltoid insertion, with
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the brachialis muscle, and with the axillary, radial, and muscu-
locutaneous (MC) nerves were performed. Specifically, we
measured the distance between the lateral edge of the acromion



Figure 4 Right arm. Plate being introduced from proximal to distal approach. Figure 5 Right arm. Axillary nerve located at the level of the fourth row of holes in
the plate.

Figure 6 Left arm. Musculocutaneous nerve (*).
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and the axillary nerve, the location of the axillary nerve with
respect to the holes in the plate, the relationship between the
torsion point of the plate and the insertion of the deltoid, the
closest distance between the MC and radial nerves to the plate and
the presence or absence of brachialis muscle under the plate. To
describe the relationship of the axillary nerve with the holes of the
plate, these were arbitrarily divided into rows from proximal to
distal. All measurements were made using a digital caliper with an
accuracy of 0.1 mm.

Only descriptive statistics were performed, with measurements
in metric units. Distances in millimeters are reported with their
respective mean, standard deviation (SD), and 99% confidence
intervals (CIs).

Results

The mean humeral length was 302 mm (SD 52.3, 99% CI: 259.3-
344.6). The distance from the axillary nerve to the lateral edge of
the acromion was 56.2 mm (SD 6.5, 99% CI: 50.9-61.5). In 6 speci-
mens, the axillary nerve was located at the level of the third row of
holes of the plate; in 3 specimens, at the level of the fourth row; and
in 1 specimen, at the level of the second row (Fig. 5).

In the distal approach, the shortest distance between the plate
and the musculocutaneous nerve was on average 10.2 mm (SD 4,
99% CI: 6.9-13.5), and it was at the level of the twomost distal holes
in the plate (Fig. 6). The distance between the point where the
radial nerve pierces the lateral intermuscular septum and the
lateral epicondyle was on average 117.7 mm (SD 7.9, 99% CI: 111.2-
124.2). The shortest distance between the plate and the radial nerve
was on average 7.9 mm (SD 4.7, 99% CI: 4-11.8), and it was found at
the most distal aspect of the plate (Fig. 7).

In 9 specimens, the anterior curvature of the platewas located at
the level of the deltoid insertion; however, in none of the
542
specimens it was located completely anterior. The plate pierced the
anterior distal fibers of the deltoid in all specimens (Fig. 8).

In 8 specimens, no brachialis muscle fibers were located under
the plate. In two specimens, some fibers of the brachialis muscle
remained under the plate. In 1 specimen, a branch of the muscu-
locutaneous nerve was trapped under the plate (Fig. 9).

Discussion

Our study reports the anatomic relationships of nerves poten-
tially at risk of injury with the use of a new precontoured locking



Figure 7 Left arm. Radial nerve (*), brachialis muscle (*), and brachioradialis muscle (*).

Figure 8 Left arm. Distal deltoid muscle fibers anterior to the plate (*).

Figure 9 Left arm. Articular branch of the musculocutaneos nerve trapped under the
plate.
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plate for proximal metadiaphyseal fractures of the humerus with
MIPO technique.

The location of the axillary nerve with respect to the lateral edge
of the acromion is relatively constant between 40 and 60 mm.4,9

Our results show values consistent with what has been pub-
lished, with a mean of 56.2 mm. The anterolateral approach to the
proximal humerus can be performed with or without identification
of the neurovascular band of the axillary nerve and the posterior
circumflex artery.10,12 However, regardless of the strategy of
exploring or not the axillary nerve, we believe it is important to
know its course with respect to the plate. The ALPS humerus
locking plate has two variants, one named “high” plate, which is
recommended to be fixed at 1 cm from the upper border of the
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greater tuberosity and a “low” plate that should be located 2 cm
from the upper border of the greater tuberosity. To simplify the
study methodology, we arbitrarily decided to use only the “low”

plate. By placing the plate 2 cm from the upper border of the
greater tuberosity as recommended by the manufacturer, the
course of the axillary nerve coincides in most cases with the third
or fourth row of plate holes. Benninger and Meier2 in a cadaveric
study using the Proximal Humeral internal Locking System
(PHILOS) plate (DePuy Synthes, Oberdorf, Switzerland) describe the
course of the axillary nerve in relation to the segments called D and
E of the plate that correspond to rows four and five of the plate. As
per the manufacturer, it is recommended to place the PHILOS plate
1 cm below the upper border of the greater tuberosity, unlike the
ALPS “low” plate, which must be located 2 cm distal to the greater
tuberosity. This may explain the differences in the course of the
axillary nerve with respect to the orifices of the plate between
study by Benninger and Meier and ours. In addition, in a cadaveric
study using a different proximal humerus plate placed through an
anterolateral transdeltoid approach,4 the authors did not find a
constant relationship between the course of the axillary nerve and
the holes in the plate; however, the authors do not specify the exact
location of the plate with respect to the greater tuberosity, which
may explain the lack of correlation.

Several studies using an anterior MIPO plate highlight the
importance of identifying and protecting the musculocutaneous
nerve during the distal approach.1,7,8,13 Because the ALPS plate has
an anteriorly precontoured curvature in its distal segment, identi-
fication of the MC nerve is important. The mean distance between
the MC nerve and the plate in our study was 10.2 mm. Although the
MC nerve was clearly identified in all the specimens in the interval
between the biceps and brachialis muscle, in one of them, an
articular branch of the MC was inadvertently trapped under the
plate (Fig. 9). Using a manually molded helical plate, Gardner et al5
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describe the risk zone for MC nerve injury at 13.5 cm (99% CI: 12.2-
14.8 cm) from the superior border of the greater tuberosity. This
distance is more proximal to that found in our study, probably
because the ALPS plate in its distal segment is not strictly anterior
but anterolateral, which brings it closer to the MC nerve in a more
distal segment.

A long straight proximal humerus plate placed by the MIPO
technique puts the radial nerve at risk. Benninger and Meier,2 in a
cadaveric study using the long PHILOS plate (DePuy Synthes,
Oberdorf, Switzerland) in 8 specimens, describe entrapment of the
radial nerve under the plate in 1 case. Precontoured plates avoid the
radial nerve when it pierces the lateral intermuscular septum. Our
results show, however, that the radial nerve is relatively close to the
plate in its distal segment, at an average of 7.9 mm. In the distal
MIPO approach, once the plane between the biceps and the bra-
chialis muscle has been identified, it is recommended to perform a
longitudinal split of the latter, which leaves a lateral muscle portion
that protects the radial nerve. For this reason, a formal dissection of
the radial nerve is not required. However, caution is necessary
using lateral retractors in this area.

As per the manufacturer, the precontoured anterior curvature of
the plate was designed to reduce the need to release the deltoid.
However, our results show that despite the anterior curvature, the
deltoid insertion is perforated and partially compromised in all
cases. In the same cadaveric study cited previously, Benninger and
Meier2 used a long straight PHILOS plate (DePuy Synthes, Oberdorf,
Switzerland) describing involvement of the central portion of the
distal deltoid attachment. According to Sakoma el al.11 who
described the distal insertion of the deltoid in 7 portions, the most
frequent compromisewas the central portion, leaving the twomost
anterior and posterior portions intact. We did not perform detailed
dissection of the different segments of the distal insertion of the
deltoid; however, in all the specimens, deltoid fibers were found
anterior to the plate. The clinical significance of this partial
compromise of distal deltoid insertion is debatable and remains
unclear. Because we performed a longitudinal split of the brachialis
muscle, we did not find fibers of this muscle under the plate in 8 of
10 specimens. In two cases, some fibers were trapped under the
plate.

There are few clinical studies with the use of proximal humerus
plates with the MIPO technique for metadiaphyseal fractures of the
proximal humerus. In a retrospective series of 29 patients, using the
long straight PHILOS plate (DePuy Synthes, Oberdorf, Switzerland),
Rancan et al did not report iatrogenic neurologic lesions. The sur-
gical technique described was an anterolateral transdeltoid
approach without dissection of the axillary nerve and a distal
lateral approach identifying and protecting the radial nerve. Good
clinical results and bone healing were obtained in 28 patients. Also
in a retrospective case series, Touloupakis et al14 show the results of
11 patients using the long straight PHILOS plate with MIPO tech-
nique. The proximal approach was transdeltoid without axillary
nerve dissection in 10 cases and deltopectoral in 1 case. The distal
approach was indistinctly anterior or lateral, identifying the MC or
radial nerve, respectively. The authors do not describe when a
distal-anterior or distal-lateral approach was chosen. Postoperative
radial nerve palsy was reported in 1 case. To our knowledge, there
are no studies evaluating the risk of neurologic lesions using the
ALPS plate with the MIPO technique for proximal metadiaphyseal
humerus fractures.

Limitations

As in all cadaveric studies, intact humeri were used; therefore,
the anatomic relationships are preserved. Under conditions of
fracture with displacement and shortening of the segments, these
544
relationships may vary. The absence of muscle tone and retraction
at the time of dissection can alter to some extent the anatomic
relationships between the nerves and the plate.

Conclusions

The use of the long precontoured 14-hole ALPS locking plate
with the MIPO technique, previously identifying the axillary and
musculocutaneous nerves is feasible; however, the distances be-
tween the plate and the nerves remain low so caution should be
maintained. Despite the curved design of the plate, the deltoid
insertion is partially compromised in all cases.

Acknowledgments

The authors would like to thank the Body Donation Program
for Science and Teaching of the School of Medicine of the Pon-
tificia Universidad Cat�olica de Chile and Zimmer Biomet (Biomet
Trauma, Warsaw, IN, USA) for providing the implants used in this
study.

Disclaimers:

Funding: No funding was disclosed by the authors.
Conflicts of Interest: The authors, their immediate families, and any
research foundations with which they are affiliated have not
received any financial payments or other benefits from any com-
mercial entity related to the subject of this article.
References

1. Apivatthakakul T, Patiyasikan S, Luevitoonvechkit S. Danger zone for locking
screw placement in minimally invasive plate osteosynthesis (MIPO) of humeral
shaft fractures: a cadaveric study. Injury 2010;41:169-72. https://doi.org/
10.1016/j.injury.2009.08.002.

2. Benninger E, Meier C. Minimally invasive lateral plate placement for meta-
diaphyseal fractures of the humerus and its implications for the distal deltoid
insertion- it is not only about the radial nerve. A cadaveric study. Injury
2017;48:615-20. https://doi.org/10.1016/j.injury.2017.01.026.

3. Da Silva T, Rummel F, Knop C, Merkle T. Comparing iatrogenic radial nerve
lesions in humeral shaft fractures treated with helical or straight PHILOS
plates: a 10-year retrospective cohort study of 62 cases. Arch Orthop Trauma
Surg 2020;45(Suppl 1):S54. https://doi.org/10.1155/2015/241968.

4. Esenyel CZ. Relationship between axillary nerve and percutaneously inserted
proximal humeral locking plate: a cadaver study. Acta Orthop Traumatol Turc
2014;48:553-7. https://doi.org/10.3944/AOTT.2014.13.0083.

5. Gardner MJ, Griffith MH, Lorich DG. Helical plating of the proximal humerus.
Injury 2005;36:1197-200. https://doi.org/10.1016/j.injury.2005.06.038.

6. Hohmann E, Glatt V, Tetsworth K. Minimally invasive plating versus either
open reduction and plate fixation or intramedullary nailing of humeral shaft
fractures: a systematic review and meta-analysis of randomized controlled
trials. J Shoulder Elbow Surg 2016;25:1634-42. https://doi.org/10.1016/
j.jse.2016.05.014.

7. Lee H-J, Oh C-W, Oh J-K, Apivatthakakul T, Kim J-W, Yoon JP, et al. Minimally
invasive plate osteosynthesis for humeral shaft fracture: a reproducible tech-
nique with the assistance of an external fixator. Arch Orthop Trauma Surg
2013;133:649-57. https://doi.org/10.1016/j.jse.2003.12.005.

8. Mehraj M, Shah I, Mohd J, Rasool S. Early results of bridge plating of Humerus
diaphyseal fractures by MIPO technique. Ortop Traumatol Rehabil 2019;21:
109-18. https://doi.org/10.5604/01.3001.0013.1915.

9. Moatshe G, Marchetti DC, Chahla J, Ferrari MB, Sanchez G, Lebus GF, et al.
Qualitative and quantitative anatomy of the proximal humerus muscle
attachments and the axillary nerve: a cadaveric study. Arthroscopy 2018;34:
795-803. https://doi.org/10.1016/j.arthro.2017.08.301.

10. RancanM,DietrichM, Lamdark T, CanU, PlatzA.Minimal invasive longPHILOS®-
plate osteosynthesis in metadiaphyseal fractures of the proximal humerus.
Injury 2010;41:1277-83. https://doi.org/10.1016/j.injury.2010.07.235.

11. Sakoma Y, Sano H, Shinozaki N, Itoigawa Y, Yamamoto N, Ozaki T, et al.
Anatomical and functional segments of the deltoid muscle. J Anat 2010;218:
185-90. https://doi.org/10.1249/MSS.0b013e31816073fb.

12. Shin YH, Lee YH, Choi HS, Kim MB, Pyo SH, Baek GH. A modified deltoid
splitting approach with axillary nerve bundle mobilization for proximal hu-
meral fracture fixation. Injury 2017;48:2569-74. https://doi.org/10.1016/
j.injury.2017.09.007.

https://doi.org/10.1016/j.injury.2009.08.002
https://doi.org/10.1016/j.injury.2009.08.002
https://doi.org/10.1016/j.injury.2017.01.026
https://doi.org/10.1155/2015/241968
https://doi.org/10.3944/AOTT.2014.13.0083
https://doi.org/10.1016/j.injury.2005.06.038
https://doi.org/10.1016/j.jse.2016.05.014
https://doi.org/10.1016/j.jse.2016.05.014
https://doi.org/10.1016/j.jse.2003.12.005
https://doi.org/10.5604/01.3001.0013.1915
https://doi.org/10.1016/j.arthro.2017.08.301
https://doi.org/10.1016/j.injury.2010.07.235
https://doi.org/10.1249/MSS.0b013e31816073fb
https://doi.org/10.1016/j.injury.2017.09.007
https://doi.org/10.1016/j.injury.2017.09.007


M. Ekdahl, C. Dominguez, M. Pinedo et al. JSES International 5 (2021) 540e545
13. Tetsworth K, Hohmann E, Glatt V. Minimally invasive plate osteosynthesis of
humeral shaft fractures. J Am Acad Orthop Surg 2018;26:652-61. https://
doi.org/10.5435/JAAOS-D-17-00238.

14. Touloupakis G, Di Giorgio L, Bibiano L, Biancardi E, Ghirardelli S, Dell'Orfano M,
et al. Exploring the difficulties to improve minimally invasive application with
long PHILOS plate in multifocal metadiaphyseal fractures of the proximal
humerus: analysis of intraoperative procedure and clinical outcomes. Acta
Biomed 2019;89:532-9. https://doi.org/10.23750/abm.v89i4.6212.
545
15. Wen H, Zhu S, Li C, Chen Z, Yang H, Xu Y. Antegrade intramedullary
nail versus plate fixation in the treatment of humeral shaft fractures.
Medicine 2019;98:e17952. https://doi.org/10.1097/MD.00000000000
17952.

16. Zhao J-G, Wang J, Meng X-H, Zeng X-T, Kan S-L. Surgical interventions to treat hu-
merus shaft fractures: a network meta-analysis of randomized controlled trials.
PLoS One 2017;12:e0173634. https://doi.org/10.1371/journal.pone.0173634.s001.

https://doi.org/10.5435/JAAOS-D-17-00238
https://doi.org/10.5435/JAAOS-D-17-00238
https://doi.org/10.23750/abm.v89i4.6212
https://doi.org/10.1097/MD.0000000000017952
https://doi.org/10.1097/MD.0000000000017952
https://doi.org/10.1371/journal.pone.0173634.s001

	New precontoured long locking plate for proximal metadiaphyseal fractures of the humerus: a cadaveric study for its use wit ...
	Material and methods
	Results
	Discussion
	Limitations

	Conclusions
	Acknowledgments
	Disclaimers:
	References


