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Article Info ABSTRACT

Introduction: Humeral shaft fractures, representing 3% of all fractures, have a
bimodal distribution: low-energy falls in older adults and high-energy trauma
Research in younger individuals. Radial nerve palsy (RNP) is a significant complication,
with secondary RNP occurring in 10-20% of cases. This study examines the
prevalence of secondary RNP following surgery for closed humeral shaft
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fractures and compares outcomes between radial nerve (RN) exploration and
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Revised: 2024-05-18 Patients and methods: This analytical cross-sectional study, conducted at
Al-Yarmouk Teaching Hospital from April 2023 to April 2024, compared two

Accepted: 2024-06-22 surgical techniques for closed humeral shaft fractures: Open Reduction and
Internal Fixation (ORIF) with and without RN exploration. It involved 38 adult

Keywords: patients, aged 18-60, divided into two groups: Group A (ORIF with RN

exploration, n=22) and Group B (ORIF without RN exploration, n=16).
Radial nerve palsy, Humeral shaft Data collection included clinical assessments, radiological evaluations, and
fractures, Surgical techniques, surgical observations. Statistical analysis was performed using SPSS, with
Outcomes. ethical approval and informed consent obtained from all participants,
adhering to national and international guidelines.

Results: In a study of 38 humeral shaft fractures treated with ORIF, 16%
developed RNP. RN exploration during surgery did not significantly affect RNP
rates (13.6% with exploration vs. 18.8% without, p=0.670). The average age
of patients with RNP was 33.83 years, similar to those without RNP (36.44
years, p=0.608). The majority were male (71.1%), with Type A fractures being
the most common (63.2%). RNP rates did not differ significantly by gender,
fracture type, or level (p-values: 0.215, 0.540, and 0.736, respectively).

Conclusions: The study found a 16% incidence of RNP in patients with closed
humeral shaft fractures treated with ORIF. No significant difference in RNP
rates was observed between patients with or without RN exploration, and
demographic factors or fracture characteristics did not affect RNP occurrence.
Future research with larger samples and alternative techniques may be
beneficial.

INTRODUCTION

Humeral shaft fractures account for approximately 3% of all fractures [1l. These fractures often exhibit a bimodal
distribution related to injury mechanisms: low-energy trauma, primarily from falls, affects older women, while
high-energy trauma, commonly from road traffic accidents, predominantly impacts younger men [2l. The majority of
humeral shaft fractures are simple fractures linked to low-energy injuries. A study by Ekholm et al. of 401
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consecutive humeral shaft fractures found that 61% were classified as Arbeitsgemeinschaft fur
Osteosynthesefragen (AO)/ Orthopaedic Trauma Association (OTA) type A, or simple fractures, with 68% resulting
from low-energy falls BB,

RNP is a notable complication associated with humeral shaft fractures, particularly those from high-energy trauma,
and can also occur postoperatively following open reduction and internal fixation. The incidence of iatrogenic or
secondary RNP ranges between 10-20% [4. Kakazu et al. found that treatment of acute humeral shaft fractures
with plates or nails could result in iatrogenic RNP rates of 6-24% [51. Secondary RNP often arises from trauma
during fracture manipulation, surgical instruments, and implants, or entrapment by fracture callus or scar tissue [6l.
Management strategies for secondary RNP are debated, with some advocating for early surgical exploration due to
frequent nerve entrapment, while others support conservative approaches [71,

The humeral shaft extends from the surgical neck to the epicondyles, with its proximal half being nearly cylindrical
and the distal half tapering into a prismatic shape. The radial sulcus, which houses the RN and its nutrient foramen,
traverses the posterior middle third of the humerus, the large surrounding muscles obscure direct palpation of the
humerus, dividing the arm into anterior and posterior compartments by medial and lateral intramuscular septa [8l.

The anterior compartment contains the biceps brachii, coracobrachialis, brachialis, brachial artery and vein, and
the median, musculocutaneous, and ulnar nerves. The posterior compartment houses the triceps and the RN [°]. The
RN's high injury rate is due to its proximity to the humeral periosteum. Notably, the RN is adjacent to the bone
before exiting the spiral groove, approximately 10-15 cm proximal to the lateral epicondyle [°l. The "danger zone,"
where the nerve pierces the lateral intermuscular septum, is located around 12.3 cm #* 2.3 proximal to the
olecranon fossa, making it particularly vulnerable due to minimal mobility [19],

The OTA and AO classification system for humeral shaft fractures, first published in 1996 and revised in 2007 and
2018, categorizes fractures into three main types [11I:

e Type A: Simple fractures

e Type B: Wedge fractures

e Type C: Multiffragmentary fractures
Each type is further subdivided based on fracture characteristics. Type A fractures are categorized into spiral (A1),
oblique (A2), and transverse (A3). Type B fractures are divided into intact wedge (B2) and fragmentary wedge
(B3). Type C fractures are split into intact segmental (C2) and fragmentary segmental (C3) with further
subdivisions based on location [111,

Patients with humeral shaft fractures typically present with arm pain, deformity, and swelling. A comprehensive
neurovascular examination is crucial since RN injuries occur in about 16% of these fractures. This evaluation
includes assessing wrist and finger extension, thumb interphalangeal extension, and first web space sensation [12],
Additional assessments should document radial and ulnar pulses, skin integrity, and, if needed, Doppler pulse and
compartment pressures [131. For polytrauma patients, there's a need to consider associated injuries, such as open
wounds, vascular injuries, brachial plexus injuries, and other fractures [141.

Initial imaging for humeral shaft fractures should include anteroposterior and lateral radiographs at 902 angles,
including the shoulder and elbow joints. Traction radiographs can assist with comminuted or severely displaced
fractures, and comparison with the contralateral side may be useful for preoperative planning [21.

Nonoperative management is generally indicated for acute, closed, isolated fractures in cooperative patients.
Relative indications include Type A fractures, proximal third long oblique fractures, and open fractures without
neurovascular injury. Contraindications include significant vascular injury, pathologic fractures, and nonunited
fractures [2. Nonoperative techniques such as skeletal traction, Velpeau bandage, and functional bracing are
employed, with functional bracing being the most prevalent in recent years [15.

Surgical intervention is indicated for cases where satisfactory reduction cannot be maintained, multiple injuries are
present, or progressive nerve palsy occurs. Surgical options include plate osteosynthesis, minimally invasive plate
osteosynthesis, and intramedullary nailing. Each method has specific indications, techniques, and potential
complications, with a focus on achieving stable fixation while minimizing complications [16],
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OBJECTIVES

This study aims to investigate the prevalence of secondary RNP following surgical treatment of closed humeral
shaft fractures using the anterolateral approach with plate and screw fixation. Additionally, it seeks to compare the
outcomes between two surgical techniques: RN exploration versus non-exploration during the procedure.

METHODS

Study Design: This study employed an analytical cross-sectional design to investigate the outcomes of two
different surgical techniques for the treatment of closed humeral shaft fractures at Al-Yarmouk Teaching Hospital.
The cross-sectional design was chosen to allow for the collection of data from patients at a single point in time,
facilitating the comparison between two surgical methods: ORIF with and without RN exploration. The design was
particularly suited to the objective of evaluating the immediate and short-term surgical outcomes, including nerve
function, fracture healing, and postoperative complications. The study period extended from April 2023 to April
2024,

Study Setting and Timing: The study was conducted in the Orthopedic Department of Al-Yarmouk Teaching
Hospital, a major healthcare facility in Baghdad, Iraq. This hospital was selected due to its high volume of
orthopedic cases, including humeral fractures, and its comprehensive surgical and postoperative care facilities.
Data collection took place over one year, from April 2023 to April 2024. This extended timeframe allowed for the
recruitment of a sufficient number of patients and the observation of early postoperative outcomes.

Sample Population, Size, and Technique: The study targeted adult patients presenting with acute, closed
humeral shaft fractures. The inclusion criteria were adults aged 18-60 years with acute, closed humeral shaft
fractures, excluding those with compound fractures, pathological fractures, non-union, primary RNP, and poor soft
tissue conditions such as severe swelling or burns. A total of 38 patients met the inclusion criteria and were
enrolled in the study. These patients were divided into two groups based on the surgical technique employed:
Group A (n=22) underwent ORIF with RN exploration and Group B (n=16) underwent ORIF without RN
exploration. Patients were selected consecutively as they presented to the hospital, ensuring a representative
sample of the patient population.

Data Collection Tools: Data were collected through a combination of clinical assessments, radiological evaluations,
and surgical observations. Upon arrival at the emergency department, each patient's general condition was
assessed, including a detailed history, physical examination, and radiological evaluation using anteroposterior and
lateral X-rays of the humerus. Preoperative clinical assessments included an evaluation of RN function, focusing on
wrist and finger extension and sensory function in the first web space. These assessments were repeated
postoperatively to monitor any changes in nerve function. Intraoperative data were documented by the surgical
team, including the specifics of the surgical approach, the type of fixation used, and any complications encountered.

Data Management and Analysis: Data from the clinical assessments, radiographs, and surgical records were
entered into a Microsoft Excel spreadsheet and subsequently analyzed using SPSS version 26. Descriptive statistics
were used to summarize the characteristics of the study population and the outcomes of the surgical procedures.
Continuous variables were presented as means and standard deviations, while categorical variables were
summarized using frequencies and percentages. The independent samples t-test was applied to compare the means
of continuous variables between the two groups, and the Chi-square test was used to evaluate associations between
categorical variables. A p-value of less than 0.05 was considered statistically significant.

Official and Ethical Approvals: Prior to initiating the study, official approval (Reference No. 1662) was obtained
from the Iraqi Council for Medical Specializations on March 4, 2023, ensuring that the study adhered to national
guidelines for medical research. Additionally, written informed consent was obtained from each participant after a
thorough explanation of the study's objectives and procedures. Participants were assured of the confidentiality of
their data, which was used solely for research purposes. Ethical considerations included ensuring that all surgical
procedures adhered to standard medical practices and that patients received appropriate postoperative care. The
study was conducted in compliance with the Declaration of Helsinki, emphasizing the ethical principles of respect,
beneficence, and justice.

800 |Page



Frontiers in Health Informatics www.healthinformaticsjournal.com
ISSN-Online: 2676-7104

2024; Vol 13: Issue 2 Open Access

This analytical cross-sectional study included 38 cases of closed humeral shaft fractures treated with ORIF using
plate and screw fixation through an anterolateral approach. The mean age of the participants was 36 + 11.2 years.
Among the cases, 22 (58%) underwent RN exploration during surgery, while 16 (42%) had the procedure
performed without RN exploration (Figure 1).

Figure 1: distribution of studied cases according to surgery procedure
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The findings of our study revealed that 6 out of 38 cases (16%) developed secondary RNP, as illustrated in Figure
2.

Figure 2: Distribution of radial nerve palsy among the studied cases

No radial nerve palsy
32(88%)

The association between the surgical technique and the occurrence of RNP was assessed, as shown in Table 1.
Among patients who underwent RN exploration during surgery, 3 out of 22 (13.6%) developed RNP, while 19 out of
22 (86.4%) did not experience RNP. In the group without RN exploration, 3 out of 16 patients (18.8%) developed
RNP, while 13 out of 16 (81.3%) did not. The difference in the occurrence of RNP between the two surgical
techniques was not statistically significant, with a p-value of 0.670.

Table 1: Association between surgical technique and radial nerve palsy
Radial Nerve Palsy
Surgical technique Yes No P value
6 (16.0) 32 (84.0)
Radial nerve exploration Yes 3 |13.6 19 |86.4 0.670
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The data presented in Table 2 compares the mean age between patients with and without RNP following surgery.
Among the 38 patients included in the study, 6 (15.8%) developed RNP, while 32 (84.2%) did not. The mean age of
patients who developed RNP was 33.83 years (SD = 7.4), compared to 36.44 years (SD = 11.8) in those who did not
develop RNP. The difference in mean age between the two groups was not statistically significant, with
a p-value of 0.608, indicating no significant association between age and the occurrence of RNP.

Table 2: Difference between mean age according to radial nerve palsy outcome

Radial nerve palsy n. Mean SD P value
Yes 6 33.83 7.4 0.608
No 32 36.44 11.8

The study sample comprised 38 patients, with a male predominance of 27 cases (71.1%) and 11 female cases
(28.9%). Regarding fracture types, Type A fractures were the most common, observed in 24 patients (63.2%),
followed by Type B in 9 patients (23.7%), and Type C in 5 patients (13.2%). In terms of fracture level, the majority
of fractures occurred at the middle level of the humerus, with 29 cases (76.3%), while proximal and distal fractures
were less common, occurring in 3 cases (7.9%) and 6 cases (15.8%), respectively. The p-value associated with these
distributions would be necessary to determine the statistical significance of any observed differences (Table 3).

Table 3: Distribution of cases according to gender, fracture type and fracture level
\Variables Frequency %
Gender Male 27 71.1
Female 11 28.9
Fracture type A 24 63.2
B 9 23.7
C 5 13.2
Fracture level Proximal 3 7.9
Middle 29 76.3
Distal 6 15.8

The association between gender and the occurrence of RNP was analyzed. Among male patients, 3 out of 27
(11.1%) developed RNP, while 24 out of 27 (88.9%) did not. In contrast, among female patients, 3 out of 11 (27.3%)
experienced RNP, and 8 out of 11 (72.7%) did not. The p-value of 0.215 indicates that the difference in RNP
occurrence between males and females is not statistically significant. Regarding the type of fracture, RNP occurred
in 4 out of 24 patients (16.7%) with type A fractures, 2 out of 9 patients (22.2%) with type B fractures, and 0 out of
5 patients (0.0%) with type C fractures. The p-value of 0.540 suggests no statistically significant difference in the
prevalence of RNP across different fracture types. When analyzing the level of the fracture, 0 out of 3 patients
(0.0%) with proximal fractures developed RNP, while 5 out of 29 patients (17.2%) with middle fractures and 1 out
of 6 patients (16.7%) with distal fractures developed RNP. The p-value of 0.736 indicates that there is no
statistically significant association between the fracture level and the occurrence of RNP (Table 4).

Table 4: Association between gender, type of fracture, level of fracture and radial nerve palsy
Radial nerve palsy
Variables Yes No P value
6 (16.0) 32 (84.0)
Gender Male 3 11.1 24 88.9 0.215
Female 3 27.3 8 72.7
Fracture type A 4 16.7 20 83.3 0.540
B 2 22.2 7 77.8
C 0 0.0 5 100.0
Fracture level Proximal 0 0.0 3 100.0 0.736
Middle 5 17.2 24 82.8
Distal 1 16.7 5 83.3

802|Page



Frontiers in Health Informatics www.healthinformaticsjournal.com
ISSN-Online: 2676-7104

DISCUSSION

RNP is frequently associated with high-energy fractures of the humeral shaft, but it can also occur as a complication
following ORIF of such fractures. This iatrogenic or secondary RNP typically has an incidence rate of approximately
10-20% [5]. In our study, which involved 38 cases of humeral shaft fractures treated with a lateral condylar plate
(LCP) via an anterolateral approach, the rate of secondary RNP was observed to be 16%. This rate aligns with the
range reported in several international studies [5 7],

Hendrickx et al. [17] conducted a systematic review encompassing 1,758 patients with closed humeral shaft
fractures and reported a secondary RNP rate of 3% (14 out of 467 patients) when using the anterolateral approach.
Their review included 40 studies, with 15 specifying the use of the anterolateral approach but not detailing RN
identification or exploration during fixation surgery. The discrepancy between their lower reported rate and our
study's findings could be attributed to the smaller sample size in our study, which might affect the observed
incidence of nerve palsy.

Our findings are consistent with those of Shabir et al. [18], who reported a 16% incidence of secondary RNP in their
descriptive study of 66 patients with humeral shaft fractures. Shabir et al. attributed their findings to several
potential factors, including the varying levels of the operating surgeon's experience, excessive dissection of the
nerve, and improper placement or use of implants and retractors.

Regarding demographic distribution, the mean age of patients in our study was 36+11.2 years, with 27 males
(71%) and 11 females. This contrasts with the study by Belayneh et al. 19,  which reported a mean age of 55.8
years with 30 males and 43 females, and the study by Mahesh and Guruprasad [29], where the mean age was 32.5
years with 16 males and 4 females. Our analysis revealed no significant association between age and gender with
the occurrence of secondary RNP (p-values of 0.608 and 0.215, respectively), which is consistent with the findings
of these studies.

In terms of fracture type and level, our study categorized 24 cases (63%) as type A fractures, 9 cases (23%)
as type B, and 5 cases (13%) as type C according to the AO classification. Fracture levels were proximal in 3 cases,
middle in 29 cases, and distal in 6 cases. Our results indicated that neither fracture type (p-value = 0.540) nor
fracture level (p-value = 0.736) significantly impacted the occurrence of RNP. This aligns with Lee et al. [21], who
found no significant association between these variables and secondary RNP, and Gous et al. [22], who observed that
type A fractures were more commonly associated with postoperative deficits, while type C and proximal fractures
did not result in RNP.

Surgical technique plays a crucial role in managing RNP. Surgeons who chose to explore the RN aimed to maintain
visibility during surgery to prevent injury from reduction tools, relieve tension on the nerve, and ensure the nerve
was not pinched by fracture fragments or the plate. Conversely, those who opted not to explore the nerve sought to
avoid potential injury from the exploration itself, which could compromise the nerve's blood supply or cause
excessive traction.

Our study showed no significant association between the type of surgical technique (RN exploration vs. non-
exploration) and the rate of secondary RNP (p-value = 0.670). Henry's original work suggested that not
exploring the nerve, by splitting the brachialis muscle, acts as a protective cushion against nerve injury, citing only a
single RNP case [22]. [n our study, non-exploration during the anterolateral brachialis splitting approach resulted in
3 cases (13.6%) of secondary RNP. This suggests that nerve injuries might be attributed to factors such as patient
positioning, use of reduction tools, or entrapment between fracture fragments or under the plate.

Belayneh et al. 191 found a significantly lower incidence of secondary RNP (2.7%) when the nerve was explored
during surgery. Despite this difference, it is important to note that no method guarantees complete prevention of
nerve injury. Reichert et al. [23] recommended merely visualizing the nerve without separating it from surrounding
tissues to reduce nerve damage risk. Wang et al. [24] noted that exposure and protection of the nerve do not
guarantee prevention of RNP and may lead to fibrosis.

In our study, 22 cases involved RN exploration, with 3 cases (18.8%) of secondary RNP. This indicates that
exploration did not significantly reduce nerve injury compared to non-exploration. Suhas et al. [25] performed
surgery using an anterolateral approach without nerve exploration but released the lateral intermuscular septum
to facilitate nerve mobility, reporting no RNP cases. Schwab et al. [26] highlighted that traction and movement
during anesthesia and the use of retractors could cause RNP. Shon et al. [27] found a higher incidence of RNP with
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posterior approaches compared to anterolateral approaches, recommending the latter unless specific conditions
warrant the posterior approach.

In conclusion, This study evaluating RNP in patients with closed humeral shaft fractures treated with ORIF reveals
a 16% incidence of secondary RNP. The analysis of surgical techniques showed no statistically significant difference
in RNP rates between patients who underwent RN exploration and those who did not. Furthermore, demographic
factors such as age and gender, as well as fracture type and level, did not significantly influence the occurrence of
RNP. These findings align with existing literature, indicating that while RN exploration is a common practice, it does
not substantially reduce the risk of RNP. Future studies may benefit from larger sample sizes and further
investigation into alternative surgical techniques and their impact on nerve injury.

Acknowledgments: We extend our deepest gratitude to the Orthopedic Department of Al-Yarmouk
Teaching Hospital for their support and collaboration throughout this study. Special thanks are due to the surgical
team and medical staff for their invaluable contributions to patient care and data collection. Also appreciate the
participation and cooperation of all patients involved in the study.

Financial disclosure: This study was entirely self-funded by the researchers and did not receive financial support
from any institution or organization.

REFRENCES

[1] Schoch BS, Padegimas EM, Maltenfort M, Krieg J, Namdari S. Humeral shaft fractures: national trends in
management. J Orthop Traumatol. 2017Sep;18(3):259-263. [Available from:
https://link.springer.com/article/10.1007 /s10195-017-0410-6]

[2] Alias Ali A. Evaluation of different methods for management of humeral diaphyseal fracture. Iraqi
Postgraduate Medical Journal. 2012;11(1):107-112.

[3] Ekholm R, Adami ], Tidermark ], Hansson K, Térnkvist H, Ponzer S. Fractures of the shaft of the humerus. ]
Bone Joint Surg Br. 2006 Nov 1;88-B(11):1469-1473. [Available from:
https://journals.lww.com/jbjsjournal /Fulltext/2006/11000/Fractures_of_the_Shaft_of_the Humerus.11.aspx]

[4] Hak DJ. Radial nerve palsy associated with humeral shaft fractures. Orthopedics. 2009 Feb;32(2):111. [PMID:
19301795] [Available from: https://www.orthosupersite.com/view.asp?rID=37237]

[5] Kakazu R, Dailey SK, Schroeder AJ, Wyrick |JD, Archdeacon MT. latrogenic radial nerve palsy after humeral
shaft nonunion repair. ] Orthop Trauma. 2016 May;30(5):256-261. [Available from:
https://journals.lww.com/jorthotrauma/Fulltext/2016 /05000 /Iatrogenic_Radial_Nerve_Palsy_After_Humeral
.8.aspx]

[6] Rocchi M, Tarallo L, Mugnai R, Adani R. Humerus shaft fracture complicated by radial nerve palsy: is surgical
exploration  necessary?  Musculoskelet  Surg. 2016 Dec;100(S1):53-60. [Available  from:
https://link.springer.com/article/10.1007 /s12306-016-0422-7]

[71 Wang X, Zhang P, Zhou Y, Zhu C. Secondary radial nerve palsy after internal fixation of humeral shaft fractures.
Eur J Orthop Surg Traumatol. 2014 Jun;24(3):331-333. [Available from:
https://link.springer.com/article/10.1007 /s00590-013-1297-5]

[8] Lambert SM. Shoulder girdle and arm. In: Standring S, Catani M, Collins P, Crossman AR, Gleeson M, Ross A, et
al, editors. Gray’s Anatomy: The Anatomical Basis of Clinical Practice. 42nd ed. Philadelphia: Elsevier; 2021. p.
890-929.

[9] Gregory PR. Fractures of the humeral shaft. In: Bucholz RW, Heckman ]D, editors. Rockwood and Green's
Fractures in Adults. 5th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2001. p. 973-996.

[10] Tytherleigh-Strong G, Walls N, McQueen MM. The epidemiology of humeral shaft fractures. ] Bone Joint Surg

Br. 1998;80(2):249-253. [Available from:
https://journals.lww.com/jbjsjournal /Fulltext/1998/02000/The_Epidemiology_of Humeral_Shaft Fractures.
4.aspx]

[11] Kellam JF, Meinberg EG, Agel ], Karam MD, Roberts CS. Introduction: Fracture and Dislocation Classification
Compendium-2018: International Comprehensive Classification of Fractures and Dislocations Committee. ]

Orthop Trauma. 2018 Jan;32 Suppl 1. [Available from:
https://journals.lww.com/jorthotrauma/Fulltext/2018/01000/Introduction_ Fracture_and_Dislocation.1.asp
X]

[12] Updegrove GF, Mourad W, Abboud JA. Humeral shaft fractures. ] Shoulder Elbow Surg. 2018 Apr;27(4).
[Available from: https://www.jshoulderelbow.org/article/S1058-2746(18)30128-4/fulltext]

804 |Page



Frontiers in Health Informatics www.healthinformaticsjournal.com
ISSN-Online: 2676-7104

[13] 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. ] Bone Joint Surg Br. 2005 Dec;87(12):1647-1652. [Available from:

https://journals.lww.com/jbjsjournal /Fulltext/2005/12000/Radial_Nerve_Palsy_Associated_With_Fractures_0f.8.a
spx]

[14] Perez EA. Fractures of the shoulder, arm, and forearm. In: Azar FM, Beaty JH, editors. Campbell’s Operative
Orthopaedics. 14th ed. Philadelphia: Elsevier; 2021. Vol 3:3031-126.

[15] Sarmiento A, Zagorsky B, et al. Functional bracing for the treatment of fractures of the humerus diaphysis. ]

Bone Joint Surg Am. 2000 Apr;82(4):487-486. [Available from:
https://journals.lww.com/jbjsjournal /Fulltext/2000/04000/Functional_Bracing _for_the_Treatment_of Fractu
res.2.aspx|

[16] Williams ]. Humerus, shaft. In: Buckley RE, Moran CG, Apivatthakakul T, editors. AO Principles of Fracture
Management. Clavadelerstrasse 8, 7270 Davos Platz: AO Foundation; 2017.

[17] Hendrickx LAM, Hilgersom NF], Alkaduhimi H, Doornberg JN, van den Bekerom MP]. Radial nerve palsy
associated with closed humeral shaft fractures: a systematic review of 1758 patients. Arch Orthop Trauma
Surg. 2021 Apr;141(4):561-568. [Available from:https://link.springer.com/article/10.1007/s00402-020-
03515-0]

[18] Shabir M, Inam M, Shehzad A, et al. Radial nerve injury after operative management of humerus shaft
fractures. PJMHS. 2018 Apr-Jun;12(2):837. [Available from: https://pjmhsonline.com/article/view/4692]

[19] Belayneh R, Littlefield CP, Konda SR, Broder K, Kugelman DN, Leucht P, Egol KA. The standardized exploration
of the radial nerve during humeral shaft fixation reduces the incidence of iatrogenic palsy. Arch Orthop
Trauma Surg. 2023 Jan;143(1):125-131. [Available from: https://link.springer.com/article/10.1007/s00402-
022-04696-2]

[20] Mahesh DV, Guruprasad S. latrogenic radial nerve palsy in open reduction internal fixation of humeral
diaphyseal fracture by anterolateral approach. Int | Orthop Sci. 2020;6(3):918-920. [Available from:
https://www.ijorth.com/archives/2020/vol6issue3/Part]/6-2-7-273.pdf]

[21] Lee W-Y, Shin H-D, Kim K-C, Cha S-M, Jeon Y-S. Relationship between incidence of postoperative radial nerve
palsy and surgical experience in the treatment of humeral shaft fractures through a posterior triceps splitting
approach: A retrospective study. Acta Orthop Traumatol Turc. 2021;55(4):338-343. [Available from:
https://www.sciencedirect.com/science/article/pii/S1017406421000864]

[22] 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 ] Traumatol. 2016 Aug 1;19(4):217-220.
[Available from: https://www.sciencedirect.com/science/article/pii/S1008127516300425]

[23] Reichert P, Wnukiewicz W, Witkowski ], Bochenska A, Mizia S, Gosk ], Zimmer K. Causes of Secondary Radial
Nerve Palsy and Results of Treatment. Med Sci Monit. 2016 Feb 19;22:554-562. [Available
from:https://www.medscimonit.com/abstract/index/idArt/555056]

[24] Wang JP, Shen W], Chen WM, Huang CK, Shen YS, Chen TH. Ilatrogenic radial nerve palsy after operative
management of humeral shaft fractures. ] Trauma. 2009 Mar;66(3):800-803. [Available from:
https://journals.lww.com/jtrauma/Fulltext/2009/03000/Iatrogenic_Radial_Nerve_Palsy_After_Operative.4.as
px]

[25] Suhas, Shetty M, Anusree Anil Kumar. Avoiding iatrogenic radial nerve jeopardy during humerus fixation by
unshackling the nerve: A study of simple and effective technique. Int J Orthop Sci. 2020;6(2):161-164.
[Available from:https://www.ijorth.com/archives/2020/vol6issue2/PartC/6-2-14-245.pdf]

[26] Schwab TR, Stillhard PF, Schibli S, Furrer M, Sommer C. Radial nerve palsy in humeral shaft fractures with
internal fixation: analysis of management and outcome. Eur ] Trauma Emerg Surg. 2018 Apr;44(2):235-243.
[Available from: https://link.springer.com/article/10.1007/s00068-017-0826-5]

[27] Shon HC, Yang JY, Lee Y, Cho JW, Oh JK, Lim EJ. Iatrogenic radial nerve palsy in the surgical treatment of
humerus shaft fracture -anterolateral versus posterior approach: A systematic review and meta-analysis. ]
Orthop Sci. 2023 Jan;28(1):244-250. [Available from:
https://www.sciencedirect.com/science/article/pii/S0949265823000111]

805|Page


https://www.sciencedirect.com/science/article/pii/S0949265823000111

