Lotzien et al. BMC Musculoskeletal Disorders
https://doi.org/10.1186/s12891-019-2888-2

(2019) 20:527

RESEARCH ARTICLE

Open Access

Open reduction and internal fixation of
humeral midshaft fractures: anterior versus
posterior plate fixation
Sebastian Lotzien*, Clemens Hoberg, Valentin Rausch, Thomas Rosteius, Thomas Armin Schildhauer and
Jan Gessmann

Abstract
Background: Fractures of the humeral shaft represent 2–4% of all fractures. Fractures of the humerus have
traditionally been approached posteriorly for open reduction and internal fixation. Reports of treating midshaft
fractures with an open anterolateral approach and anterior plating are limited. The purpose of this study was to
evaluate a series of humeral shaft fractures treated with plate osteosynthesis regarding the effect of the approach
and plate location on the healing rate and occurrence of complications.
Methods: We conducted a retrospective chart review of patients aged over 18 years with humeral midshaft fractures
treated with anterior or posterior plate fixation. Selection of the approach to the humerus was based on the particular
pattern of injury and soft tissue involvement. The minimum follow-up duration was set at six months. The outcomes
included the rate of union, primary nerve palsy recovery, secondary nerve damage, infection and revision surgery.
Results: Between 2006 and 2014, 58 patients (mean age, 59.9; range, 19–97 years) with humeral midshaft fractures
were treated with anterior (n = 33) or posterior (n = 25) plate fixation. After a mean follow-up duration of 34 months, 57
of 58 fractures achieved union after index procedure. Twelve fractures were associated with primary radial nerve palsy.
Ten of the twelve patients with primary radial palsy recovered completely within six months after the index surgery. In
total, one patient developed secondary palsy after anterior plating, and three patients developed secondary palsy after
posterior plating. No significant difference in the healing rate (p = 0.4), primary nerve palsy recovery rate (p = 0.6) or
prevalence of secondary nerve palsy (p = 0.4) was found between the two clinical groups. No cases of infection after
plate fixation were documented.
Conclusions: Open reduction and internal fixation using an anterior approach with plate fixation provides a safe
alternative to posterior plating in the treatment of humeral shaft fractures. An anterior approach allows supine
positioning of the patient and yields union and complication rates comparable to those of a posterior approach with
plate fixation for the treatment of humeral shaft fractures.
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Background
Fractures of the humeral shaft represent 2–4% of all fractures [1]. Currently, there are no defined gold standards
for the treatment of humeral shaft fractures [2, 3]. While
nonoperative treatment has a long and successful history
in certain cases [4], new surgical treatment methods have
been developed to reduce soft tissue damage, improve
early training and prevent long uncomfortable periods of
immobilization, which can be associated with nonoperative treatment [3, 5–8]. For open reduction and internal
fixation (ORIF), the humerus has traditionally been
approached posteriorly. The posterior approach offers biomechanical advantages due to the ability to apply the plate
on the tension side of the humerus (Fig. 1a-c) [9]. Nevertheless, there are different surgical approaches for treating
humeral fractures [10, 11]. The anterolateral approach
[12] and its modifications are widely employed for exposure of the humerus in various pathological conditions
[13–16]. The anterolateral approach allows supine positioning, which is the most notable advantage for patients
with multiple injuries [16]. According to Orthopaedic
Trauma Association (OTA) techniques, the anterolateral
approach is frequently used for lateral plating, which includes the risk of secondary nerve injury [17, 18]. Anterior
plating was delineated years later (Fig. 2a-d) [19]. However, there are limited reports on the use of an anterolateral approach for the surgical treatment of midshaft
fractures with anterior plating. Therefore, we conducted
this study to assess the results of the treatment of a series
of our patients with humeral midshaft fractures with anterior plate fixation and compare these results to those
achieved in patients treated with posterior plating regarding the healing rate and occurrence of procedure-related
complications. We hypothesized that compared to posterior plating, the anterolateral approach with anterior plating results in an equal union rate, a reduced rate of
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secondary nerve palsy and an equal rate of primary nerve
palsy remission.

Methods
Approval for this study was granted by the local ethics
committee (Reg. Nr. 16–5617-BR). The local electronic
medical database was searched for patients 18 years of
age or older with humeral midshaft fractures who underwent ORIF with anterior or posterior plate fixation at
our institution. The inclusion and exclusion criteria are
listed in Figure 3. The indication for the use of an anterior or posterior approach was based on the fracture pattern and concomitant soft tissue injuries according to
the surgeons’ judgment. Further clinical data, including
the demographics of each patient, were gathered. All
fractures were classified according to the AO / OTA
classification system [20]. For open fractures, the Gustilo
/ Anderson classification system was employed [21].
Follow-up and radiographic evaluations

Clinical and radiographic follow-up examinations were
performed six and twelve weeks after surgery. Subsequent additional visits were scheduled at different intervals until bone union was radiographically confirmed.
The radiological results were assessed using anteroposterior and lateral radiographs. The radiographs were
reviewed independently by two fellowship-trained orthopedic trauma surgeons and one radiologist. The primary
outcome measure was bony healing after ORIF. Union
was defined as a radiologically detectable callus bridge
or at least three visible cortices on the radiographs. Depending on the type of callus formation, fracture healing
was denoted as direct fracture healing (absolute stability:
no callus formation) or indirect fracture healing (relative
stability: callus formation) [22]. Nonunion was defined
as failed fracture healing six months after the initial

Fig. 1 a–c. A 55-year-old patient with an Orthopaedic Trauma Association (OTA) type 12-A1 humeral fracture (a). Postoperative X-rays after open
reduction and internal fixation (ORIF) using a limited contact dynamic compression plate (LCDCP) (b). Final anteroposterior and lateral views
showing secondary fracture healing with callus formation as a result of relative stability of the construct (c)
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Fig. 2 a–d. An 18-year-old female patient with an OTA type 12-A3 humeral fracture (a). Postoperative radiographs after open reduction and
internal fixation (ORIF) utilizing an anterior limited contact dynamic compression plate (LCDCP) (b). Fracture healing in the same patient six
months after ORIF. Although we aimed for absolute stability and primary fracture healing, callus formation, a sign of secondary fracture healing,
was observed. c Radiographs one year after the index procedure and implant removal (d)

trauma. It was assessed clinically by the presence of pain
and radiographically by the absence of a callus bridge or
the persistence of visible fracture lines. The secondary
outcome measures included the operative duration and
rate of primary nerve palsy remission, secondary radial
nerve palsy and infection. Posttraumatic nerve palsy was
defined as primary nerve palsy, while postoperative palsy
was defined as secondary nerve palsy. The neurological
status was determined by a clinical examination performed by a neurological physician; in cases of radial
nerve palsy, an electrophysiological assessment (ENG) was
performed. We defined the complete absence of brachioradialis contraction with wrist drop in addition to a pathological ENG result without any potential as complete
palsy. Palsy with pathologically reduced but detectable potentials and contractions of the brachioradialis was defined
as incomplete palsy. Infection was defined by positive clinical signs of an infection, such as local pain, erythema,
warmth, swelling and draining wounds in the affected
limb leading to revision surgery [23].
Statistical analysis

Patient characteristics are described by the mean, standard
deviation and minimum and maximum values. The normality of variables was tested with the Shapiro-Wilk test.
Significance was calculated using the t-test, WilcoxonMann-Whitney test, contingency tables and Fischer’s
exact test; p values of 0.05 or less were considered statistically significant. Data were analyzed using SPSS version
23 and Microsoft Excel version 16.22.
Surgical technique

Trauma fellowship-trained orthopedic surgeons (trainee
registrars or junior consultants) performed the surgeries
in both groups.
The approach was performed with the patient in the
supine position on the operating table and the injured
arm draped freely on an arm board. The landmarks for

the skin incision in the anterolateral approach were the
coracoid process of the scapula and the lateral boarder
of the biceps muscle. For exposure of the midshaft, only
a portion of the approach was needed following the line
of the lateral border of the biceps muscle (Fig. 4a). A
straight skin incision at the lateral border of the biceps
muscle was made. Upon making an incision in the deep
fascia of the arm in line with the skin incision, the muscular interval between the biceps brachii and brachialis
muscles was identified. The biceps muscle was retracted
medially, and the anterior aspect of the brachialis muscle
was exposed. Dissection of the M. brachialis was performed to expose the bone (Fig. 4b). The radial nerve
was visualized through the fracture gap to preclude
nerve damage at the fracture site. Further exposure of
the radial nerve was not performed.
In the posterior approach, the skin incision followed a
line from the olecranon to the proximal third of the posterior arm. The fascia was divided along the same line.
The lateral and long heads of the triceps were identified,
and deep dissection was performed via splitting of the
triceps muscle. The radial nerve was identified with its
accompanying vessels piercing through the lateral intermuscular septum and followed proximally to where it
crosses the humerus in its intermediate third. Distally,
the common triceps tendon was split to expose the distal
third of the posterior humeral shaft.

Results
We included 58 patients with 58 fractures; the mean patient age was 59.9 years (range, 19–97 years). The mean
follow-up duration was 34.6 months (range, 6–103) with
a median of 28 months. In 33 cases (56.9%), anterior
plating was performed, whereas in 25 cases (43.1%), plating was performed with a posterior approach. Further
clinical data for both groups are shown in Table 1.
Union was achieved in 57 of 58 patients (98%). In total,
32 of 33 fractures healed after anterior plating (96.97%).
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Fig. 4 a–b. For exposure of the midshaft, only a portion of the approach is needed following the line of the lateral border of the biceps muscle
(hatched area) (a). The biceps muscle is retracted medially, and the anterior aspect of the brachialis muscle is exposed. Dissection of the M.
brachialis is performed to expose the bone (dashed line) (b). 1 Brachial muscle; 2 Biceps muscle of the arm; 3 Dissection of brachial muscle
(dashed line); 4 Humerus; 5 Deltoid muscle

Due to atrophic pseudarthrosis, one revision surgery was
performed. In this case (1° open fracture), initial temporary external fixation was performed followed by anterior
plating after wound closure. Union was achieved after revision with autologous iliac cancellous bone grafting. All
25 fractures (100%) healed after posterior plating. No significant difference was found in the union rate between
the groups (p = 0.4). In 50 cases, healing was defined as
secondary healing with callus formation. In seven cases,
healing was defined as primary fracture healing. The mean
operative duration for anterior plating was 96 min (range,
58–180). The mean operative duration for dorsal plating
was 114 min (range, 56–238). No significant difference
was found in the operative duration between the two
groups (p = 0.19). Twelve of the 58 fractures (20.7%) were
associated with primary radial nerve palsy prior to the
index procedure. In all twelve cases, the palsy was defined
as incomplete palsy with preserved but pathological ENG
potentials. In the cases of nerve palsy, both the anterior
(n = 5) and dorsal (n = 7) approaches had been used.
Complete disruption of the radial nerve on surgical exploration (neurotmesis) was not found in any of these
twelve cases. In ten of the twelve cases (83.3%), the palsy
recovered completely after the index surgery. Recovery
was achieved in four of five cases (80%) after an anterior
approach had been used and six of seven cases (85.7%)

after a dorsal approach had been used. No significant difference was found in the rate of primary nerve palsy remission between the two groups (p = 0.6). A total of four
patients developed secondary incomplete radial nerve
palsy following surgical treatment (8.69%); one out of 28
patients after anterior plating (3.57%) and three out of 18
patients after posterior plating (16.67%). No significant
difference in the prevalence of secondary nerve palsy was
found between the two clinical groups (p = 0.4). One patient showed no signs of remission after posterior plating,
resulting in persistent complete palsy with wrist drop.
Contrary to recommendations, the patient did not agree
to undergo further surgical treatment. In three patients,
full recovery was achieved spontaneously within six
months. According to the noted complications, no infections were detected in either group (p = 1).

Discussion
The purpose of this study was to evaluate a series of
patients with humeral midshaft fractures treated with
internal plate fixation regarding the effect of the approach
and plate location (anterior vs. posterior) on the rate of
healing, primary nerve palsy remission, iatrogenic nerve
palsy and postoperative complications. Both groups
showed a high healing rate with limited postoperative
complications. According to the assessed outcome
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Table 1 Clinical data
Plate location:

anterior (Group A)

posterior (Group B)

Number of patients

N = 33

N = 25

Age

64.2 ± 19.5

54.8 ± 25.2

BMI

26.7 ± 5

27.61 ± 5.6

ASA

2.2 ± 0.7

2±1

male

16

14

female

17

11

Sex

OTA – classification
Type A

22 (67.65%)

16 (64%)

Type A1

11

12

Type A2

–

2

Type A3

11

2

Type B

7 (20.59%)

7 (28%)

Type B1

3

5

Type B2

2

2

Type B3

2

2

Type C
Type C1

4 (11.76%)

2 (8%)

2

2

Type C2

2

–

Type C3

–

–

Open fracture

4 (12.12%)

2 (8%)

Gustilo type 1

4

1

Gustilo type 2

–

–

Gustilo type 3

–

1

5 / 33 (15.15%)

7 / 25 (28%)

Primary radial palsy

parameters, no significant differences were found between
the two clinical groups.
In two recent reviews, Clement and Gosler et al. demonstrated a deficiency in the current literature of level
one evidence for the treatment of humeral shaft fractures [3, 5]. Papasoulis et al. reviewed the available literature in 2010 and stated that the union rate ranged from
77 to 100% and good functional results were achieved
after the nonsurgical treatment of humeral shaft fractures [24–26]. Nevertheless, a recent prospective randomized trial, published by Matsunaga et al. in 2017,
provided level one evidence comparing functional bracing and bridge plating for humeral shaft fractures and
showed that nonsurgical treatment was associated with a
significantly higher rate of nonunion and angular displacement (anteroposterior) than bridge plating [8].
According to the current literature, there is no strong
evidence to support the use of ORIF or minimally invasive procedures (MIPO) for primary fracture treatment.
Xuqi Hu et al. presented the results of a systematic
review and meta-analysis of eight studies, including four
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randomized controlled trials (RCTs), two prospective cohort trials and two retrospective cohort trials [27]. Of
these eight studies, four compared ORIF to MIPO, and
none of the four studies showed a significant difference
in terms of the postoperative radial injury incidence,
union rate or functional outcome between the two
groups [28–31]. We have been using the anterior humeral approach frequently for the treatment of humeral
shaft fractures by ORIF as well as for nonunion repair
[14]. ORIF offers the opportunity for the exact reduction
and anatomical fixation of the fracture and can enable
primary or secondary fracture healing depending on the
type of osteosynthesis and fracture pattern. Although
there were no significant differences between our two
groups according to the primary and secondary outcome
measures, an anterior approach offers advantages. It
allows supine positioning of the patient and offers safe
exposure of the humerus as the radial nerve is not directly explored [10]. To the best of our knowledge, there
have been no prospective randomized studies comparing
anterior and posterior plate fixation in terms of the healing rate and clinical outcomes. Nevertheless, the currently available literature confirms our finding that an
anterior surgical approach with plating is a safe and efficacious treatment option for humeral shaft fractures. Reliable results have been reported in one biomechanical
study [32] and one retrospective clinical study [33] for
anteromedial plating for shaft fractures in the upper extremities with regard to bone union and iatrogenic neurovascular injury. One retrospective study of 96 humeral
fractures treated with anteromedial plating presented a
union rate of 97%, although 20% of the fractures included were open fractures [16]. According to the
neurological status, 18 patients with primary radialis
palsy and one patient with brachial plexopathy were included in this study. Of these 19 patients, twelve
achieved remission after ORIF. Two patients (2.1%) were
noted to have secondary palsy (hypoesthesia in the lateral antebrachial cutaneous nerve distribution) after surgery. Another retrospective study was published by
Boschi et al. [15] investigating the outcomes of the treatment of 280 humeral shaft fractures with ORIF in terms
of the approach and plate location. The overall healing
rate was 98.2%, without a significant difference in the
approach or plate location. In accordance with the findings reported by Boschi et al. [15], no significant difference in the operative duration was found between the
two groups in our study; however, we found a wide variation in the operative duration within the groups. As a
level one trauma center and a university hospital, all operative procedures in both groups were performed by either trainee registrars or junior consultants, which might
be one reason for the wide variation in the operative
duration within the groups. The fact that the number of
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surgeons and their level of experience did not affect the
outcome with respect to healing and complications underlines the safety of the procedure and the reproducibility of the results rather than representing a limitation
in terms of interpreting the results of the study.
Humeral shaft fractures are commonly associated with
lesions of the radial nerve. The anatomical proximity
and association of the bone and nerves in the humeral
shaft explain the incidence of between eight and 12 %
[34, 35]. We documented primary radial nerve palsy in
twelve of the 58 patients (20.7%). The best treatment for
humeral shaft fractures complicated with radial nerve injury is highly controversial [36, 37]. While concomitant
nerve injury has been used as an argument for the immediate surgical treatment of fractures in the past (using
a posterior approach and visualizing the radial nerve)
[38], recent investigations have shown no significant
difference in radial nerve palsy recovery between initial
operative and nonoperative management strategies [34,
39]. In accordance with these findings, we found no significant difference in the remission rate between the use
of a posterior approach in conjunction with revealing
the radial nerve and the use of an anterior approach
without nerve exploration. Most radial nerve injuries in
cases of humeral shaft fracture are caused by traction or
compression of the nerve, which is known as neuropraxia. Much fewer nerve injuries are identified as discontinuity of the nerve (axonotmesis or neurotmesis)
[40]. Neuropraxia is a reversible injury, resulting in
spontaneous reversibility in a large portion of traumatic
radial nerve palsy cases [34], which underlines our findings that even in cases of fracture with primary radial
palsy, an anterior approach with plating is a feasible alternative to a posterior approach. However, certain studies have described significant soft tissue damage related
to the use of an anterior approach. Cutting through the
brachialis muscle may lead to the loss of muscle strength
and the loss of tension on elbow flexion [15, 41]. Additionally, the danger of iatrogenic damage to the radial
nerve (innervating the lateral aspect of the muscle during distal dissection) and musculocutaneous nerve (entering the superior third of the brachialis muscle and
innervating the medial aspect) has been described [42–
44]. However, we did not detect any adverse effects on
the musculocutaneous nerve resulting from anterior
plating in this study. Although we detected a lower rate
of secondary nerve palsy in the anterior plating group
than in the posterior plating group (3.57% vs. 16.67%),
this difference was not significant. We acknowledge that
there have been contradictory descriptions of the incidence of postoperative radialis palsy with the use of an
anterior approach in recent studies, reportedly ranging
from 11 to 16% [15, 45]. Gouse et al. [45] reported a
study including 37 closed humeral shaft fractures and 29

Page 7 of 9

humeral fractures with nonunion after plating fixation
with an anterolateral approach. In total, eleven of the 66
patients (16%) developed secondary radial nerve palsy.
Gouse et al. [45] stated significance according to risk
factors for suffering nerve palsy based on the surgical experience of the surgeon and timing of the surgery.
The main limitations of the current study are based on
its retrospective design without a defined follow-up
protocol and an evaluation of the operating surgeons
with varying levels of experience. Although no longterm complications occurred in this study and the primary and secondary outcome measures were addressed
sufficiently, one limitation is the minimum follow-up
time by six months. Second, the patients were observed
at individual intervals after the twelve-week visit, so
postoperative data, such as healing time, could not be
gathered without bias. Third, even though the descriptive statistics suggest that anterior plating reduces the
risk of secondary nerve palsy compared to posterior plating (1 / 28; 3.57% vs. 3 / 18; 16.67%), the number of included patients might have been too low to show a
significant difference.

Conclusions
ORIF using an anterior approach with plate fixation provides a safe alternative to posterior plating in the treatment of humeral shaft fractures. An anterior approach
allows supine positioning of the patient and yields comparable union and complication rates compared to a posterior approach with plate fixation for treating humeral
shaft fractures.
Abbreviations
ENG: Electrophysiological assessment; LCDCP: Limited contact dynamic
compression plate; MIPO: Minimally invasive plate osteosynthesis; ORIF: Open
reduction internal fixation; OTA: Orthopaedic Trauma Association;
RCT: Randomized controlled trial
Acknowledgments
Not applicable.
Authors’ contributions
SL, CH, VR, TR, TS and JG contributed to the conception and design of the
study and acquisition, analysis and interpretation of the data. SL, CH, VR, TR,
TS and JG have approved the final version of this manuscript.
Funding
The publication charges for this article have been funded by the DFG Open
Access Publication Funds of the Ruhr-Universität Bochum. The funding body
was neither involved in the design of the study nor in collection, analysis,
and interpretation of data and in writing the manuscript.
Availability of data and materials
The datasets of the current study are not publicly available. Data are
available upon request from the first author, SL.
Ethics approval and consent to participate
All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. The study was reviewed and

Lotzien et al. BMC Musculoskeletal Disorders

(2019) 20:527

approved by the local ethics committee of the Ruhr-Universität Bochum
medical department (Reg. Nr.: 16–5617-BR). Written informed consent was
obtained from all participants.
Consent for publication
All patients provided written consent for the publication of their
anonymized data.

Page 8 of 9

21.

22.
23.
24.

Competing interests
The authors declare that they have no competing interests.

25.

Received: 26 May 2019 Accepted: 10 October 2019

26.

References
1. Ekholm R, Adami J, Tidermark J, Hansson K, Tornkvist H, Ponzer S. Fractures
of the shaft of the humerus. An epidemiological study of 401 fractures. J
Bone Joint Surg Br. 2006;88(11):1469–73.
2. Ouyang H, Xiong J, Xiang P, Cui Z, Chen L, Yu B. Plate versus intramedullary
nail fixation in the treatment of humeral shaft fractures: an updated metaanalysis. J Shoulder Elb Surg. 2013;22(3):387–95.
3. Gosler MW, Testroote M, Morrenhof JW, Janzing HM. Surgical versus nonsurgical interventions for treating humeral shaft fractures in adults.
Cochrane Database Syst Rev. 2012;1:CD008832.
4. Sarmiento A, Kinman PB, Galvin EG, Schmitt RH, Phillips JG. Functional
bracing of fractures of the shaft of the humerus. J Bone Joint Surg Am.
1977;59(5):596–601.
5. Clement ND. Management of Humeral Shaft Fractures; Non-Operative
Versus Operative. Arch Trauma Res. 2015;4(2):e28013.
6. Zhao JG, Wang J, Meng XH, Zeng XT, Kan SL. Surgical interventions to treat
humerus shaft fractures: a network meta-analysis of randomized controlled
trials. PLoS One. 2017;12(3):e0173634.
7. Schoch BS, Padegimas EM, Maltenfort M, Krieg J, Namdari S. Humeral
shaft fractures: national trends in management. J Orthop Traumatol.
2017;18(3):259–63.
8. Matsunaga FT, Tamaoki MJ, Matsumoto MH, Netto NA, Faloppa F, Belloti JC.
Minimally invasive Osteosynthesis with a bridge plate versus a functional
brace for humeral shaft fractures: a randomized controlled trial. J Bone Joint
Surg Am. 2017;99(7):583–92.
9. Müller ME, Bandi W, Allgöwer M, Bloch HR, Willenegger H, Mumenthaler A,
Scheider R, Weber BG. Manual der osteosynthese: AO-technik. Berlin:
Springer; 2013.
10. Zlotolow DA, Catalano LW, Barron OA, Glickel SZ. Surgical exposures of the
humerus. J Am Acad Orthop Surg. 2006;14(13):754–65.
11. Judet R, Patel A, Demeulenaere C. 3 approaches to the upper part of the
humerus and the humeral diaphysis. Presse Med. 1968;76(41):1961–3.
12. Henry AK. Exposure of the humerus and femoral shaft. British J Surg. 2005;
12(45):84–91.
13. Kim SJ, Lee SH, Son H, Lee BG. Surgical result of plate osteosynthesis using
a locking plate system through an anterior humeral approach for distal
shaft fracture of the humerus that occurred during a throwing motion. Int
Orthop. 2016;40(7):1489–94.
14. Gessmann J, Konigshausen M, Coulibaly MO, Schildhauer TA, Seybold D.
Anterior augmentation plating of aseptic humeral shaft nonunions after
intramedullary nailing. Arch Orthop Trauma Surg. 2016;136(5):631–8.
15. Boschi V, Pogorelic Z, Gulan G, Vilovic K, Stalekar H, Bilan K, Grandic L.
Subbrachial approach to humeral shaft fractures: new surgical technique
and retrospective case series study. Can J Surg. 2013;56(1):27–34.
16. Idoine JD, French BG, Opalek JM, DeMott L. Plating of acute humeral
diaphyseal fractures through an anterior approach in multiple trauma
patients. J Orthop Trauma. 2012;26(1):9–18.
17. Allgöwer M. Manual of internal fixation: techniques recommended by the
AO-ASIF group. Berlin: Springer-Verlag; 1991.
18. Griend RV, Tomasin J, Ward EF. Open reduction and internal fixation of
humeral shaft fractures. Results using AO plating techniques. J Bone Joint
Surg Am. 1986;68(3):430–3.
19. Rüedi T. AO principles of fracture management, vol. 1. Stuttgart: Thieme;
2007.
20. Müller ME, Koch P, Nazarian S, Schatzker J. The comprehensive
classification of fractures of long bones. In: Manual of internal fixation:

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

techniques recommended by the AO-ASIF group. Edn. Edited by Allgöwer M.
Berlin: Springer; 1990.
Gustilo RB, Anderson JT. Prevention of infection in the treatment of one
thousand and twenty-five open fractures of long bones: retrospective and
prospective analyses. J Bone Joint Surg Am. 1976;58(4):453–8.
Megas P. Classification of non-union. Injury. 2005;36:S30–7.
Trampuz A, Zimmerli W. Diagnosis and treatment of infections associated
with fracture-fixation devices. Injury. 2006;37:S59–66.
Papasoulis E, Drosos GI, Ververidis AN, Verettas DA. Functional bracing of
humeral shaft fractures. A review of clinical studies. Injury. 2010;41(7):e21–7.
Toivanen JA, Nieminen J, Laine HJ, Honkonen SE, Jarvinen MJ. Functional
treatment of closed humeral shaft fractures. Int Orthop. 2005;29(1):10–3.
Leung KS, Kwan M, Wong J, Shen WY, Tsang A. Therapeutic functional
bracing in upper limb fracture-dislocations. J Orthop Trauma.
1988;2(4):308–13.
Hu X, Xu S, Lu H, Chen B, Zhou X, He X, Dai J, Zhang Z, Gong S. Minimally
invasive plate osteosynthesis vs conventional fixation techniques for
surgically treated humeral shaft fractures: a meta-analysis. J Orthop Surg
Res. 2016;11(1):59.
Esmailiejah AA, Abbasian MR, Safdari F, Ashoori K. Treatment of humeral
shaft fractures: minimally invasive plate osteosynthesis versus open
reduction and internal fixation. Trauma Mon. 2015:20(3).
Kim JW, Oh C-W, Byun Y-S, Kim JJ, Park KC. A prospective randomized study
of operative treatment for noncomminuted humeral shaft fractures:
conventional open plating versus minimal invasive plate osteosynthesis. J
Orthop Trauma. 2015;29(4):189–94.
Oh C-W, Byun Y-S, Oh J-K, Kim J-J, Jeon I-H, Lee J-H, Park K-H. Plating of
humeral shaft fractures: comparison of standard conventional plating versus
minimally invasive plating. Orthop Traumatol Surg Res. 2012;98(1):54–60.
Wang C, Li J, Li Y, Dai G, Wang M. Is minimally invasive plating
osteosynthesis for humeral shaft fracture advantageous compared with the
conventional open technique? J Shoulder Elb Surg. 2015;24(11):1741–8.
Zheng YF, Zhou JL, Wang XH, Shan L, Liu Y. Biomechanical study of the
fixation strength of anteromedial plating for humeral shaft fractures. Chin
Med J. 2016;129(15):1850–5.
Akan B, Armangil M, Basarir K, Acar H, Bilgin SS, Demirtas M. Clinical
evaluation of an antero-medial approach for plate fixation of the proximal
humeral shaft. Eur J Orthop Surg Traumatol. 2012;22(4):289–93.
Shao YC, Harwood P, Grotz MR, Limb D, Giannoudis PV. Radial nerve palsy
associated with fractures of the shaft of the humerus: a systematic review. J
Bone Joint Surg Br. 2005;87(12):1647–52.
Bono CM, Grossman MG, Hochwald N, Tornetta P. Radial and axillary nerves.
Anatomic considerations for humeral fixation. Clin Orthop Relat Res. 2000;
373:259–64.
Rocchi M, Tarallo L, Mugnai R, Adani R. Humerus shaft fracture complicated
by radial nerve palsy: is surgical exploration necessary? Musculoskelet Surg.
2016;100(Suppl 1):53–60.
Schacher B, Schnick U, Böttcher R, Casper D, Eisenschenk A, Ekkernkamp A.
Paresen des N. radialis bei Humerusschaftfrakturen. Obere Extremität. 2015;
10(3):137–43.
Packer JW, Foster RR, Garcia A, Grantham SA. The humeral fracture with
radial nerve palsy: is exploration warranted? Clin Orthop Relat Res.
1972;88:34–8.
Liu GY, Zhang CY, Wu HW. Comparison of initial nonoperative and
operative management of radial nerve palsy associated with acute humeral
shaft fractures. Orthopedics. 2012;35(8):702–8.
Grassmann JP, Jungbluth P, Bullermann L, Hakimi M, Gehrmann SV, Thelen
S, Betsch M, Windolf J, Wild M. Radial nerve palsy associated with humeral
shaft fractures - early exploration or expectant procedure? An analysis
concerning current strategies of treatment. Z Orthop Unfall.
2010;148(6):691–6.
Mills WJ, Hanel DP, Smith DG. Lateral approach to the humeral shaft: an
alternative approach for fracture treatment. J Orthop Trauma.
1996;10(2):81–6.
Chiarapattanakom P, Leechavengvongs S, Witoonchart K, Uerpairojkit C,
Thuvasethakul P. Anatomy and internal topography of the
musculocutaneous nerve: the nerves to the biceps and brachialis muscle. J
Hand Surg. 1998;23(2):250–5.
Frazer EA, Hobson M, McDonald SW. The distribution of the radial and
musculocutaneous nerves in the brachialis muscle. Clin Anat.
2007;20(7):785–9.

Lotzien et al. BMC Musculoskeletal Disorders

(2019) 20:527

44. Hannouche D, Ballis R, Raould A, Nizard RS, Masquelet AC. A lateral
approach to the distal humerus following identification of the cutaneous
branches of the radial nerve. J Bone Joint Surg Br. 2009;91(4):552–6.
45. Gouse M, Albert S, Inja DB, Nithyananth M. Incidence and predictors of
radial nerve palsy with the anterolateral brachialis splitting approach to the
humeral shaft. Chin J Traumatol. 2016;19(4):217–20.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

