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ARTICLE INFO Background: The consequences of radial nerve palsy associated with a humeral shaft fracture are un-

clear. The aim of this study was to examine the functional recovery of radial nerve palsy, at presentation

Keywords: or postoperatively, in patients with a humeral shaft fracture.

Fracture Methods: Data from patients who participated in the HUMeral shaft fractures: measuring recovery after
Humerus operative versus non-operative treatment (HUMMER) study, a multicenter prospective cohort study
ggrel?a[;e\::tlve including adults with a closed humeral shaft fracture Arbeitsgemeinschaft fiir Osteosynthesefragen (AO)

Radial nerve palsy type 12A or 12B, and had radial nerve palsy at presentation or postoperatively, were extracted from the
Shaft HUMMER database. The primary outcome measure was clinically assessed recovery of motor function of the
radial nerve. Secondary outcomes consisted of treatment, functional outcome (Disabilities of the Arm,
Shoulder, and Hand and Constant—Murley Score), pain level, quality of life (Short Form-36 and EuroQoL-
5D-3L), activity resumption, and range of motion of the shoulder and elbow joint at 12 months after trauma.
Results: Three of the 145 nonoperatively treated patients had radial nerve palsy at presentation. One
recovered spontaneously and 1 after osteosynthesis. Despite multiple surgical interventions, the third
patient had no recovery after entrapment between fracture fragments. Thirteen of the 245 operatively
treated patients had radial nerve palsy at presentation; all recovered. Nine other patients had post-
operative radial nerve palsy; 8 recovered. One had ongoing recovery at the last follow-up, after nerve
release and suture repair due to entrapment under the plate. At 12 months, the functional outcome
scores of all patients suggested full recovery regarding functional outcome, pain, quality of life, activity
resumption, and range of motion.
Conclusion: Radial nerve palsy in patients with a humeral shaft fracture at presentation or post-
operatively functionally recovers in 94% and 89%, respectively.

© 2023 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 license (http://creativecommons.org/licenses/by/4.0/).

Level of evidence: Level 1V; Case Series;
Prognosis Study

Radial nerve palsy is associated with humeral shaft fractures,
whether primary due to the initial trauma or secondary as a
consequence of treatment.>%!11315192431 The radial nerve is at risk
due to its complex course, winding around the humeral shaft, and its
close relationship to surrounding structures.®''>1%31 As the radial
nerve provides motor and sensory function to the arm, nerve dam-
age can result in inability to extend and stabilize the wrist, also
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known as a wrist drop. Damage to the radial nerve causes difficulties
in daily life as it severely compromises function and hand use.'>?!
The reported rate of radial nerve palsy at presentation is
approximately 10%."" Reported rates of postoperative radial nerve
palsy range from 3%-7%.>>'29 Postoperative radial nerve palsy can
be caused by manipulation and reposition, leading to neurapraxia,
entrapment in the fracture site or compression by hardware,
causing severe partial or complete lesions.””> Even though plate
osteosynthesis with open reduction and internal fixation allows for
direct visualization of the radial nerve, the implant placement, soft
tissue preparation, and intraoperative nerve exploration increase
the risk of iatrogenic radial nerve damage.”?° Inherent to the
treatment with intramedullary nailing (IMN), a risk of injuring
the radial nerve arises due to manipulation of the fracture and the
placement of distal screws nearby the radial nerve’s circuitous
course around the distal humeral bone.'%16202732 A [iterature
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Figure 1 Flowchart of patients with radial nerve palsy in the study.

review, comparing plate osteosynthesis and IMN, has found similar
rates of postoperative radial nerve palsy in both treatments.>”

The influence of an existing or potential radial nerve palsy on
the choice of the treatment of a humeral shaft fracture is not
straightforward. The majority of palsies (88%-100%) will recover
spontaneously in weeks to months after trauma.>!"*> Therefore,
Bishop and Ring concluded that there is no reason to solely operate
on closed humeral shaft fractures because radial nerve palsy is
present after trauma, and clinical monitoring is initially the best
option.? If signs of nerve recovery remain absent (after 4 months) or
ultrasonography shows nerve damage, treatment is indicated. This
can either be done with nonoperative treatment, such as bracing,
rehabilitation, and electrostimulation, or surgical treatment, con-
sisting of exploration, suture repair, and nerve and tendon trans-
fer.!>?231 However, the optimal treatment of radial nerve palsy and
its influence on the choice of treatment of a humeral shaft fracture
is currently controversial in clinical practice.

This prospective multicenter case series was performed as a
secondary analysis to a large prospective cohort study of 390 pa-
tients with a closed humeral shaft fracture and reflects routine
clinical practice. The aim of this study was to examine the conse-
quences of a radial nerve palsy, at presentation and postoperatively,
for patients with a closed humeral shaft fracture in terms of re-
covery and functional outcome in routine clinical practice.

Methods
Setting and participants

This case series was performed as a secondary analysis of the
HUMeral shaft fractures: measuring recovery after operative versus
non-operative treatment (HUMMER) study, a multicenter pro-
spective cohort study conducted at 29 hospitals. The study design,
methods, and primary outcome have been reported elsewhere.”!”
The HUMMER study was exempted by the local Medical Research
Ethics Committee (no. MEC-2012-296) and recruited patients
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between October 23, 2012, and October 03, 2018. The Strength-
ening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines for reporting of observational studies were
followed.>° All patients gave written informed consent.

All patients aged 18 years or older with a closed humeral shaft
fracture (Arbeitsgemeinschaft fiir Osteosynthesefragen [AO] type
12A or 12B; confirmed on X-ray) included in the HUMMER study,
who either had radial nerve palsy at presentation or post-
operatively, were included in this case series.

Assessments and follow-up

Baseline patient characteristics (ie, age, gender, and dominance
of the affected arm) and injury-related variables known to be
associated with radial nerve palsy (ie, mechanism of injury, fracture
location, and classification (according to the AO/Orthopaedic
Trauma Association classification system) were extracted.” The
approach of fracture reduction (open or closed) and choice of
treatment of the humeral shaft fracture was left up to the treating
physician and was not dictated by the presence of radial nerve palsy
at presentation.

The primary outcome measure was clinically assessed recovery
of the radial nerve at 12 months follow-up. Recovery was defined as
full recovery of motor function, including grip strength and wrist
extension. Recovery of the radial nerve palsy was recorded during
follow-up in the HUMMER study and based upon documented
clinical assessment of recovery of motor function, as mentioned in
the Dutch guidelines.”®

Secondary outcomes extracted were the Disabilities of the Arm,
Shoulder, and Hand (DASH) (ranging from 0-100 points, with a lower
score representing less disability) and the Constant—Murley Score
(ranging from 0-100 points, with a higher score representing better
outcome) at 12 months follow-up."®!? Furthermore, pain (Visual
analog scale [VAS]; ranging from 0-10 points, with a higher score
representing more pain), health-related quality of life (Short Form-
36 [SF-36] and EuroQoL-5D-3L [EQ-5D-3L], with a higher score
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Table I
Patient, injury, treatment, and recovery details of radial nerve palsy in study participants.
Patient Moment of Age Sex AO Location  Dominant  Trauma Treatment Nerve Macroscopic ~ Treatment of radial nerve palsy Recovery
diagnosis (year) classification  (third) arm mechanism identification  nerve lesion 12 mo
affected
1 Presentation 61 M Al Middle Yes HET Brace N.A. N.A. Secondary osteosynthesis (plate), Full
Brace (cock-up)
2 Presentation 69 M Al Middle Yes LET Brace N.A. N.A. Secondary osteosynthesis (IMN), nerve graft, brace (cock- No
up),
hand therapy (N = 40), tendon transfer
3 Presentation 33 M B1 Middle Yes LET Brace N.A. N.A. None Full
4 Presentation 63 F Al Middle Yes LET IMN N.A. N.A. None Full
5 Presentation 42 M B2 Middle No HET IMN N.A. N.A. None Full
6 Presentation 74 M A3 Middle Yes LET IMN N.A. N.A. None Full
7 Presentation 52 F Al Middle No LET Plate Yes No None Full
8 Presentation 31 F A2 Middle Yes LET Plate Yes No None Full
9 Presentation 34 F A3 Middle No LET Plate Yes Partial None Full
10 Presentation 44 F B2 Middle No HET Plate Yes No None Full
11 Presentation 53 F B1 Distal Yes LET Plate Yes Partial Brace (cock-up) Full
12 Presentation 61 M A3 Middle No LET Plate Yes No None Full
13 Presentation 20 M B1 Distal No HET Plate Yes No None Full
14 Presentation 40 M B1 Middle Yes LET Plate Yes No Brace (cock-up) Full
15 Presentation 59 M A2 Middle Yes LET Plate No N.A. None Full
16 Presentation 46 F A3 Middle Yes HET Plate Yes No Brace (cock-up), hand therapy (N = 13) Full
17 Postoperative 57 M A3 Middle Yes HET IMN No N.A. None Full
18 Postoperative 65 F B1 Middle No LET Plate Yes Partial None Full
19 Postoperative 25 M B1 Distal Yes LET Plate Yes No Brace (cock-up) Full
20 Postoperative 32 F Al Distal No LET Plate No N.A. None Full
21 Postoperative 30 M B1 Distal Yes LET Plate Yes Partial Brace (cock-up) Full
22 Postoperative 32 F Al Distal No LET Plate Yes No Brace (cock-up) Full
23 Postoperative 62 M Al Middle Yes LET Plate Yes Partial Brace (cock-up) Full
24 Postoperative 31 M B2 Middle Yes HET Plate Yes No Brace (cock-up), hand therapy (N = 6) Full
25 Postoperative 63 F B3 Proximal No LET Plate No N.A. Nerve suture repair, brace (cock-up) Ongoing

AO, Arbeitsgemeinschaft fiir Osteosynthesefragen; F, Female; HET, High energy trauma; IMN, Intramedullary nailing; LET, Low energy trauma; M, Male; Mo, months.
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Table II

Functional outcome and range of motion of patients with radial nerve palsy at 12 months after trauma.
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All (N = 25) Nonoperative treatment (N = 3) Operative treatment (N = 22)

Radial nerve palsy at Radial nerve palsy at Postoperative radial nerve

presentation (N = 3) presentation (N = 13) palsy (N =9)
DASH 8.3(7.4-11.1) 3(2.5-8.7) 9.5 (7.8-11.7) 82 (5.7-11.8)
Constant—Murley 74 (72-78) 6 (74-82) 73 (70-77) 6 (71-80)
Pain (VAS) 1(1-2) 1(0-1) 1(1-2) 1(1-1)
Activity resumption (NRS) 9(9-9) 9(9-10) 9(9-9) 9(9-9)
SF-36 PCS 0 (48-52) 0 (49-54) 50 (48-51) 1 (48-52)
SF-36 MCS 5 (55-57) 5 (55-55) 55 (55-57) 6 (54-57)
EQ-5D-US 0. 87 (0.85-0.90) 0. 89 (0.87-0.93) 0.87 (0.85-0.89) 0. 88 (0.84-0.91)
EQ-5D-VAS 1(79-83) 8 (77-83) 81 (79-83) 1(80-84)
Shoulder abduction (°) 138 (132-154) 138 (132-155) 136 (132-148) 143 (131-156)
Shoulder anteflexion (°) 140 (135-154) 140 (135-153) 138 (135-148) 145 (132-156)
Shoulder exorotation (°) 67 (64-73) 4 (62-69) 67 (65-71) 3 (63-74)
Shoulder endorotation (°) 63 (59-68) 9 (57-68) 65 (60-70) 3 (59-68)
Elbow flexion (°) 138 (137-139) 137 (135-137) 139 (138-140) 138 (137-140)
Elbow extension (°) 0(0-2) 4 (-4-0) 1(0-3) 1(0-2)
Elbow pronation (°) 85 (84-86) 2 (81-84) 85 (84-86) 5 (84-86)
Elbow supination (°) 83 (82-86) 80 (78-83) 84 (82-87) 4 (82-86)

DASH, Disabilities of the Arm, Shoulder, and Hand; EQ-5D, EuroQoL-5D; MCS, Mental Component Summary; NRS, Numerical Rating Scale; PCS, Physical Component Summary;

SF-36, Short Form-36; US, Utility Score; VAS, Visual Analog Scale.
Data are presented as median (P5-P7s).

The Constant—Murley Score, pain score, and ranges of motion of the shoulder and elbow joint are shown for the affected side.

representing better quality of life), activity resumption (Numeric
Rating Scale [NRS]; the extent to which patients resumed their ac-
tivities at the pretrauma level), and range of motion of the shoulder
and elbow joints, at 12 months follow-up were extracted.*>>34
Quality of life scores were compared with published population
norms (EQ-5D) or standardized combined scores (SF-36, mean of
50 + 10 standard deviation [SD]).'*?® Range of motion of the
shoulder and elbow joint were compared with reference values.?

Statistical analysis

Analyses were performed using the Statistical Package for the
Social Sciences (SPSS) version 25 (SPSS, Armonk, NY, USA).
Normality of continuous data was tested with the Shapiro—Wilk
test. Descriptive statistics were used to report the data. Contin-
uous data are shown as median and percentiles (P25-P7s;
nonparametric). Categorical data are reported as N (%). The rates of
radial nerve palsy at presentation and postoperatively are reported
with 95% confidence intervals (95% CI). The secondary outcomes
were extracted from the HUMMER database after comparison be-
tween treatment groups using linear mixed-effects regression
models, as described before.’

Results
Patient and injury characteristics

Twenty-five patients with a radial nerve palsy were included
(Fig. 1 and Table I). Three patients were lost to follow-up, however,
clinical documentation of treatment and recovery was retrieved
locally. Out of the 390 patients, 16 (4.1% [95% CI 2.4-6.6]) presented
with radial nerve palsy after trauma, of whom 13 were operated for
their humeral shaft fracture. The group of patients with radial nerve
palsy at presentation consisted of 9 men (56%) and had a median
age of 49 years (P25-P75 36-61). The mechanism of injury was
frequently low energy trauma (N = 11; 69%). The fractures were
often spiral (N = 8; 50%) and most often located in the middle of the
humeral shaft (N = 14; 88%).

In 13 of the 245 operatively treated patients, postoperative
radial nerve palsy could not be assessed, as they were already
diagnosed with radial nerve palsy at presentation. Nine out of the
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remaining 232 (3.9% [95% CI 1.8-7.2]) operatively treated patients
showed a postoperative radial nerve palsy, of which 5 men (56%)
and a median age of 32 years (P25-P75 30-63). Eight (89%) of these
patients were treated with plate osteosynthesis and 1 (11%) with
IMN. The mechanism of injury was frequently low energy trauma
(N = 7; 78%). Six (67%) out of 9 patients had a spiral fracture. The
fractures were located in the distal (N = 4; 44%), middle (N = 4;
44%), and proximal (N = 1; 12%) third of the humeral shaft.

Treatment and recovery of radial nerve palsy at presentation

Three nonoperatively treated patients had radial nerve palsy at
presentation, of whom 2 (67%) recovered. One (33%) recovered
spontaneously. The other one (33%) recovered after secondary
osteosynthesis with open plating 16 days post-trauma, with re-
ported identification of an intact radial nerve, and postoperative
treatment with a cock-up splint. The third (33%) patient did not
regain radial nerve function. A secondary osteosynthesis with a
retrograde IMN, 18 days post-trauma, without identification of the
radial nerve was performed. An explorative revision surgery, 71
days post-trauma, showed a crushed radial nerve entrapped be-
tween fracture fragments. Subsequent nerve grafting, 7 months
post-trauma, did not result in signs of improvement of function and
further treatment including (cock-up) bracing and hand therapy,
did not result in recovery of the radial nerve function either. The
following tendon transfer also failed to restore wrist extension.

Ten (77%) of the 13 operatively treated patients with radial
nerve palsy at presentation were treated with plate osteosynthesis
and 3 (23%) with IMN. During surgery, the radial nerve was re-
ported as identified in 9 (69%) out of the 13 patients. The identified
radial nerve showed no macroscopic damage in 7 cases (77%) and a
partial nerve lesion due to trauma in 2 cases (23%). Lesions were not
addressed at the time of surgery. All operatively treated patients
with radial nerve palsy at presentation spontaneously recovered
after monitoring (N = 10; 77%) or treatment with a brace (cock-up;
N = 3; 23%) or hand therapy (N = 1; 8%).

Treatment and recovery of postoperative radial nerve palsy

Eight (89%) of the 9 patients with postoperative radial nerve
palsy were treated for their humeral shaft fracture with plate
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osteosynthesis and 1(11%) with IMN. During surgery in 6 (67%)
patients, the radial nerve was reported as identified and a partial
macroscopic lesion was reported in 3 (50%) patients. The possible
cause of the lesions was unknown. Lesions were not addressed at
the time of surgery.

Postoperative radial nerve palsy recovered spontaneously
without an additional surgical intervention for the nerve in 8 (89%)
patients. Three (33%) patients were solely monitored and 5 (56%)
were treated nonoperatively with bracing (cock-up; N = 6) or
rehabilitation (hand therapy; N = 1). Absence of full recovery of
postoperative radial nerve palsy occurred in 1 (11%) patient, after
plate osteosynthesis with a Philos plate without identification of
the radial nerve. An explorative revision surgery, performed 2 days
later, indicated nerve release and suture repair due to entrapment
under the plate. This resulted in signs of improvement and ongoing
recovery at the last follow-up.

Functional outcome after radial nerve palsy

At 12 months, the mean levels of functional outcome scores of
patients with a radial nerve palsy, either at presentation or post-
operatively, suggested full functional recovery regarding arm
function (median DASH 8.3 [P,5-P75 7.4-11.1] and Constant—Murley
74 [P25-P75 72-78]; Table II). Mean pain score was 1 (Py5-P75 1-2)
and activities were resumed at pretrauma level (mean NRS of 9
[P25-P75 9-9]). Health-related quality of life measured with the
EuroQoL-5D-Utility Score (EQ-5D-US; 0.87 [P25-P75 0.85-0.90] and
EQ-5D-VAS 81 [P35-P75 79-83]) were similar to the population
norms (EQ-5D-US 0.89 and EQ-5D-VAS 81). The SF-36 scores (SF-36
Physical Component Summary [PCS] 50 [P25-P75 48-52], SF-36
Mental Component Summary [MCS] 55 [P5-P75 55-57]) were
comparable with the standardized combined scores (SF-36 PCS 50;
SF-36 MCS 50). Furthermore, functional levels of range of motion
were achieved.

Discussion

The results of this study indicate that almost all radial nerve
palsies spontaneously reach full recovery and the rate of persistent
complaints due to radial nerve palsy at presentation in the HUM-
MER study is 0.3% (N = 1, ie, 1/390) and due to postoperative radial
nerve palsy is 0.4% (N = 1, ie, 1/232). This study reports lower rates
of radial nerve palsy at presentation (4.1% [95% CI 2.4-6.6]) than
previously reported in a similar population (10%, ie, 88/922).!"
Postoperative radial nerve palsy rates (3.9% [95% CI 1.8-7.2]) were
similar as reported previously (ranging from 3%-7%).>'>° Recovery
rates of radial nerve palsy at presentation (N = 15; 94%) and
postoperatively (N = 8; 89%) were comparable with earlier cited
literature (94% and 94%, respectively).!!

Even though a higher DASH score may be expected as specific
upper extremity functionalities rated in the DASH may be
compromised if patients experience loss of extension due to radial
nerve palsy, the DASH scores of patients with radial nerve palsy
(8.3), were comparable with the level of all HUMMER patients at
the 12-month follow-up (11.0 for the nonoperative and 8.8 for the
operative group).” Furthermore, the Constant—Murley Score, pain,
activity resumption, and health-related quality of life scores were
similar to those of the whole patient group, even though wrist drop
can impact multiple aspects of these measures.” All in all, the
minimal risk of an impaired radial nerve function should be
explained in shared decision making; however, it should be
stressed that this is most often temporary.

Considering range of motion, a possible difference was expected
in elbow extension and supination, as these movements are initi-
ated by muscles (partly) innervated by the motor branch of the
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radial nerve (distal of a humeral shaft fracture; m. anconeus, m.
brachialis, m. extensor carpi radialis longus, and m. supinator).
However, the patients with radial nerve palsy achieved functional
levels of range of motion, if compared with reference values and all
HUMMER patients, suggesting that radial nerve palsy did not affect
range of motion or disability was compensated by other muscles
(eg, m. triceps for elbow extension and m. biceps for supination).”
In future research, range of motion of the wrist (flexion, extension,
radial deviation, and ulnar deviation) should be assessed to
examine all motor functions of the radial nerve.

This current data suggest that radial nerve palsy at presenta-
tion is no indication for operative exploration as almost all palsies
recovered spontaneously without a secondary intervention. The
HUMMER study showed that there was no tendency to treat pa-
tients with radial nerve palsy at presentation operatively.” Nerve
identification during secondary surgical procedures showed very
few partial and no complete macroscopic lesions of the radial
nerve, suggesting that radial nerve palsy is mostly caused by
temporary neurapraxia. However, if entrapment of the nerve by
fracture fragments is suspected, the use of ultrasound as a diag-
nostic modality is indicated, given its noninvasive nature and its
ability to accurately diagnose entrapment or lesions of the radial
nerve with a sensitivity and specificity of 89% and 95%, respec-
tively.’® In case of entrapment or lesions, immediate nerve
exploration, release and suture repair is indicated to allow for
recovery of nerve function.

It should be conveyed that, since postoperative radial nerve
palsy is rare and almost always spontaneously recovers, persistent
postoperative radial nerve palsy should be no discouragement for
operative treatment of humeral shaft fractures. However, safe sur-
gical procedures are only possible with careful nerve exploration
and identification, which is most feasible during open plate
osteosynthesis. Written and visual confirmation of the safe position
of the radial nerve relative to the implant are desired to facilitate
shared decision making in the case of persistent palsy in order to
rule out the possibility of entrapment. Only if radial nerve palsy is
persistent, surgical documentation is incomplete, and ultrasound
implies a complete lesion or entrapment, secondary surgical
exploration is indicated.

Strengths and limitations

The main strength of this case series is that the prospective
design allows for generalizable and clinically relevant results. A
limitation of this study is that the study design did not include a
protocol for the assessment and treatment of radial nerve palsy,
resulting in heterogeneity in the choice of diagnostic instruments
and management strategies. Since years of experience are not
included in the HUMMER database, it is unclear if the occurrence of
iatrogenic radial nerve palsy in operatively treated patients could
be attributed to experience of the surgeon. Furthermore, the rela-
tively low number of cases can be critiqued, however, cannot be
avoided due to the low prevalence of radial nerve palsy associated
with humeral shaft fractures.

Conclusions

Radial nerve palsy in patients with a humeral shaft fracture at
presentation or postoperatively functionally recovers in 94% and
89%, respectively.
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