Taylor & Francis
Taylor & Francis Group

Disability and Rehabilitation

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/idre20

The feasibility, acceptability, safety, and effects of early
weight bearing in humeral fractures — a scoping review

Jia Hui Gan, Lindsay Bearne, Samuel Walters, Jon Room, Greg Booth, Alex
Trompeter & Dimitra Nikoletou

To cite this article: Jia Hui Gan, Lindsay Bearne, Samuel Walters, Jon Room, Greg Booth, Alex
Trompeter & Dimitra Nikoletou (2025) The feasibility, acceptability, safety, and effects of early
weight bearing in humeral fractures - a scoping review, Disability and Rehabilitation, 47:3,
519-530, DOI: 10.1080/09638288.2024.2351594

To link to this article: https://doi.org/10.1080/09638288.2024.2351594

8 © 2024 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis @
Group

A
h View supplementary material &

ﬁ Published online: 16 May 2024.

\]
CJ/ Submit your article to this journal &'

||I| Article views: 1096

A
& View related articles &'

@ View Crossmark data (&

£
2



https://www.tandfonline.com/journals/idre20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/09638288.2024.2351594
https://doi.org/10.1080/09638288.2024.2351594
https://www.tandfonline.com/doi/suppl/10.1080/09638288.2024.2351594
https://www.tandfonline.com/doi/suppl/10.1080/09638288.2024.2351594
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/09638288.2024.2351594?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/09638288.2024.2351594?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/09638288.2024.2351594&domain=pdf&date_stamp=16%20May%202024
http://crossmark.crossref.org/dialog/?doi=10.1080/09638288.2024.2351594&domain=pdf&date_stamp=16%20May%202024
http://creativecommons.org/licenses/by/4.0/

DISABILITY AND REHABILITATION
2025, VOL. 47, NO. 3, 519-530
https://doi.org/10.1080/09638288.2024.2351594

Taylor & Francis
Taylor &Francis Group

REVIEW

8 OPEN ACCESS ‘ ] Checkforupdates‘

The feasibility, acceptability, safety, and effects of early weight bearing in
humeral fractures - a scoping review

Jia Hui Gan®P<, Lindsay Bearne® (), Samuel Walters?, Jon Roomef, Greg Booth”9, Alex Trompeter®® and

Dimitra Nikoletou¢

aHaslemere Community Hospital, Royal Surrey NHS Foundation Trust, Surrey, UK; PPopulation Health Research Institute, St George’s University of
London, London, UK; “Institute of Medical and Biomedical Education, St George's University of London, London, UK; YDepartment of Trauma and
Orthopaedic Surgery, St George’s University Hospitals NHS Foundation Trust, London, UK; ®Faculty of Health and Life Sciences, Oxford Brookes
University, Oxford, UK; Physiotherapy Research Unit, Oxford University Hospitals NHS Foundation Trust, Oxford, UK; 9Therapies Department, Royal
National Orthopaedic Hospital Trust, London, UK

ARTICLE HISTORY
Received 13 October 2023
Revised 29 April 2024
Accepted 1 May 2024

ABSTRACT

Purpose: Non-weight bearing is often recommended after humeral fractures. This review aims to
summarise the extent and nature of the evidence for the feasibility, acceptability, safety, and effects of
early weight bearing (EWB) in people with humeral fractures, treated operatively or non-operatively.
Methods: Data sources identified published (PUBMED, EMBASE, CINAHL) and unpublished (ClinicalTrials.
gov, CENTRAL, NIHR Open Research, OpenGrey) literature. Independent data extraction was conducted
by two reviewers.

Results: 13 901 records were retrieved. Ten studies, involving 515 post-operative patients and 351
healthcare professionals, were included. EWB was found to be feasible in nine studies. There was
limited evidence regarding adherence to EWB. Trauma and orthopaedic surgeons reported that EWB
was acceptable. This depended on surgery type and whether it was a post-operative polytrauma case.
No acceptability data was reported from patients’ perspectives. Only one study reported two patients
who developed unsatisfactory outcomes from excessive post-operative EWB. Positive effects of EWB
were reported on disability level, pain, shoulder and elbow motion, and union.

Conclusion: There is some evidence for the feasibility, safety, and effectiveness of post-operative EWB
after humeral fractures. There was limited data on the acceptability of EWB. Heterogeneous study
designs, and variations in EWB protocols limit conclusions.
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> IMPLICATIONS FOR REHABILITATION

«» There is some evidence to support the feasibility, safety, and effectiveness of early weight bearing
following operative management of humeral fractures.

- Early weight bearing after some humeral fractures is acceptable to some subspecialities of orthopaedic
surgeons but is not universally accepted.

+ Rehabilitation professionals should discuss the option of early weight bearing after operative
management of humeral fracture with patients and their multidisciplinary team.

bearing (EWB) is recognised as an underused rehabilitation treat-
ment that has shown favourable outcomes [14,15].

At cellular level, bone healing after a fracture occurs in the
presence of suitable external mechanical loading and local
interfragmentary motion (strain) between fracture fragments
[16-19]. By the second week post fracture, granulation tissue
formation provides provisional stability before further bony
bridging callus formation, leading to clinical union [20]. The
adaptation of fractured bones to functional loading via EWB is
integral to secondary healing but is underused in clinical prac-
tice [21,22]. This cautious approach to EWB may be because,
during acute healing, a strategy is required that balances the
benefits of EWB as mechanical stimulation with the potential

Introduction

Humeral fractures are debilitating injuries that impact quality of
life, particularly among older adults [1,2]. The global annual inci-
dence of humeral fractures is increasing and currently represents
6-8% of all fractures in adults [3-5]. Humeral fractures can be
classified based on their location within the bone as: proximal
humerus, humeral shaft, and distal humerus [6-9]. These fractures
can be stabilised operatively or nonoperatively. Nonoperative
approaches are now standard of care for non-complex fractures
and in older people [10-13]. However, rehabilitation after humeral
fracture remains contentious. Typically, after injury, whether
treated either operatively or non-operatively, a period of
non-weight bearing (NWB) is prescribed. Recently, early weight
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risks of displacement in unstable fractures [20]. Excessive WB,
beyond the therapeutic bandwidth of osteosynthesis, could
potentially delay healing or cause non-union [23,24]. However,
extended NWB is also associated with detrimental physiological
and systemic complications and in older people could lead to
loss of independence [25-30].

According to the British Orthopaedic Association Standards for
Trauma and Orthopaedics (BOAST), all surgery in patients with
frailty should be performed to allow full WB for activities of daily
living within 36 hours of admission [31,32]. Traditionally, in humeral
fractures, a minimum of six-weeks of non-weight bearing is
regarded as the gold standard to promote healing, although this
duration can vary and extend up to 12-weeks [33-35]. In the man-
agement of lower limb fractures, EWB has demonstrated numerous
advantages and is now routinely applied; however, this is not yet
the case after humeral fractures [36-39]. Additionally, it is rec-
ognised that the major stressors on the humerus are rotational
force, which are different from the primary stressors of lower limbs
- which are axial (force acting in the direction parallel to the axis
of a bone) and bending forces during full weight bearing [40-42].
This evidence suggests that EWB following humeral fractures could
be safer than weight bearing after a lower limb fracture.

No current or ongoing systematic or scoping reviews are being
conducted on this topic [43]. The aim of this scoping review was
to identify and summarise the existing research evidence on the
feasibility, acceptability, safety, and effects of EWB in humeral
fractures treated operatively or non-operatively.

Methods

This scoping review was informed by the Joanna Briggs Institute
for conducting scoping reviews and reporting, using the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) Extension for scoping reviews [44,45]. The protocol was
initially created on the Open Science Framework on 22 November
2022. Registration of the final protocol was 24 March 2023 (https://
osf.io/zkad9/).

Search strategy

Following piloting of the search strategy on PubMed and CINAHL
Plus, seven electronic databases were searched for published or
unpublished reports from 01 January 2000 to 20 March 2023
(Table 1). A systematic search strategy was designed that expanded
the terms “humerus,” “weight bearing,” “fracture,” “operative,”
“non-operative,” “rehabilitation” (Supplementary Data 1). The ref-
erence list of the studies included in the review were screened

for additional potentially eligible records.

Table 1. Source of electronic databases.

Electronic databases Electronic databases on grey literature websites

PubMed ClinicalTrials.gov https://clinicaltrials.gov/
CINAHL Plus Cochrane Central Register of Controlled Trials
(CENTRAL)
https://www.cochranelibrary.com/central/about-central
Embase NIHR Open Research https://openresearch.nihr.

ac.uk/?utm_source=google&utm_
medium=sem&utm_campaign=JRH30302&gclid=Cj0
KCQjwyOuYBhCGARIsAIdGQRNxOGDowiox2Tryrooj1e
ZEgUe9F5PenGenKWFdCa3WXhMUJrFVUHMaApciE
ALw_wcB

OpenGrey.EU https://opengrey.eu/

Eligibility criteria

Eligibility criteria were characterised as participants, concepts,
context, study types and outcomes (Table 2).

Source of evidence selection

All records were imported into Mendeley reference management
software (v2.93.0) and duplicates were removed [47], before being
imported into Rayyan reference management [48]. Title and
abstracts and then full-text were screened independently by at
least two of four reviewers [JHG, SW, JR and GB]. Any discrepancies
were resolved through discussions. In cases of uncertainty, the
opinion of a third reviewer [LB, AT, DN] was sought to reach a
consensus [49].

Data extraction and charting

A data extraction template was adapted from the Joanna Briggs
Institute System for the Unified Management, Assessment, and
Review of Information, a priori and piloted with five articles [50].
Key study characteristics collected included participant’s charac-
teristic, study’s characteristics, characteristic of humeral fractures
and its management, WB protocol and parameters, outcomes of
EWB in feasibility, acceptability, safety, and effects. One reviewer
[JHG] extracted data from all included studies. A second reviewer
[GB] independently extracted data from 50% of the included stud-
ies and any discrepancies were discussed. Finally, the third
reviewer [DN] cross-checked 10% of the extracted data for accu-
racy by comparing it against the full-text articles. If necessary,
the reviewers contacted the corresponding authors of included
studies to clarify any missing or additional data.

Data synthesis and analysis

Study characteristics and outcomes of interest were summarised
using descriptive statistics (e.g., percentages, mean, standard devi-
ation and range) and narratively to describe the nature and extent
of the evidence for each outcome of interest. The outcomes spe-
cific to address the research question of this study underwent
quantitative analysis to identify the existing literature gaps.

Table 2. Eligibility criteria.

Inclusion criteria Exclusion criteria

I. Participants Adults who are at least
18years old and have been
diagnosed with humeral
fractures through
radiography.

Humeral fractures caused by
pathological conditions.
Individuals below 18years
old, and animal studies.

Il. Concept  Studies investigating weight Studies that do not include
bearing within sixweeks of any weight bearing
post-humeral fractures [34]. parameters.

Ill. Context  Studies published in English,  Studies published in languages
between 1 January 2000 other than English and
and 20 March 2023 [46]. before 1 January 2000.

IV. Study All full text research articles Research article, conference
types and and grey literature sources. abstracts and proceedings
designs that cannot be retrieved in

full-text after contacting
the presenters or authors.

V. Outcomes  Studies that have reported Studies that do not report any

parameters that measures
feasibility, acceptability,
safety, and effects of EWB
in humeral fractures.

parameters that measures
feasibility, acceptability,
safety, and effects of EWB.
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Results
Study identification

A total of 26 709 citations were identified. After duplicates were
removed, 13 901 records were retrieved and full texts of 385
articles were screened. 10 studies were included in the final anal-
ysis (Figure 1 and Supplementary Data 2).

Studies included and participants characteristics

Studies included three retrospective cohort studies [51-53], two
case series [54,55], two cross sectional surveys [56,57], one com-
mentary article [58], one retrospective case series [59], and one
prospective case series [60] (Table 3).

Most of the studies (eight studies, 80%) were conducted in the
United State of America [51,52,54-59], with one study each conducted
in Europe (Poland) [53] and, South America (Brazil) [60]. Six studies
reported retrospective longitudinal data. The mean study duration
was 93.5weeks (range 3.0-456.0weeks) [51,53-55,59,60].

Nine studies included a total of 515 patients with humeral
fractures and 351 healthcare professionals [136 trauma and

Figure 1. PRISMA flow diagram for study selection for this scoping review.

orthopaedic surgeons, 172 shoulder surgeons]) [51-57,59,60]. The
mean patient age was 39.3years (range 22 to 92years) (6 studies,
284 patients) [51,52,54,55,59,60]. Sixty-seven % patients were
males (report in only four studies, 270 patients) [51,52,55,60].

Five studies reported patient comorbidities including rotator
cuff injuries, other sites of fractures, congenital genetic diseases,
required assistive walking aids, osteoporosis, cardiac disease, trau-
matic amputation, prolonged unconsciousness, and unspecified
mental disturbance [52-55,59]. Five studies did not report patient
comorbidities [51,56-58,60].

Fracture classifications and management

Three studies focused on fractures of the humeral shaft [51,52,57],
and four studies investigated distal humeral fractures [55,58-60].
Two studies investigated proximal humeral fractures [53,56]. One
study investigated management of proximal metadiaphyseal
humeral fractures which is an infrequent severe fracture involving
both the proximal and humeral shaft (Table 4) [54].

All studies included patients who were managed operatively
following their humeral fractures (Table 3). Two studies did not
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specify the operative approach [57,58]. Six studies used open
reduction and internal fixation (ORIF) which included screws,
plates, neutralisation devices, and external fixation then planned
conversion to ORIF [51,53,54,56,60,61]. Three studies employed
arthroplasty techniques, that including of shoulder arthroplasty,
total elbow arthroplasty and elbow hemiarthroplasty [55,56,59].
One study explored the preference of EWB after shoulder arthro-
plasty or ORIF among shoulder, and trauma and orthopaedic
surgeons [56]. However, there was a lack of detailed information
about the reason surgeons preferred EWB after shoulder arthro-
plasty versus ORIF. No studies discussed the use of EWB after
intramedullary nailing. Only one study that used different type
of ORIF reported no relationship between nonunion and postop-
erative WB status [51].

Only two studies discussed nonoperative approaches as a pos-
sible first line treatment following midshaft and distal humeral
fractures, including splinting, commercial or functional bracing
[57,58]. One study specifically advocated for operative treatment
over non-operative management, particularly in younger patients
with distal humeral fractures [58].

Five studies provided information on post-operative rehabili-
tation [52,54,56,59,60]. This included the use of a sling [54,59],
no sling nor orthotic [60], patient education [56], outpatient
follow-up [56], unspecified physiotherapy programme [54], and
home exercise programme [56]. Four studies detailed mobilisation
exercises [52,56,59,60], but these varied in the timing of com-
mencement and type of starting point, ranging from passive range
of motion (ROM), active assisted ROM, and active ROM before
strengthening exercises [52,56,59,60].

These three studies used validated outcome measures including
the Disabilities of the Arm, Shoulder, and Hand (DASH) question-
naire [62], Patient Rated Elbow Evaluation (PREE) [63], and Mayo
Elbow Performance Score (MEPS) [54,59,60,64]. Whereas, the other
seven studies reported non standardised outcome measures.

Early weight bearing protocol in humeral fractures

Two common postoperative EWB protocols were identified. Eight
studies investigated WB immediately after surgery [51,52,54-56,58—
60]. One study mentioned EWB without specifying a timeframe [57],
whilst another study did not specify the terminology of EWB but
advised patients to use their arm but “avoid overloading the extrem-
ity postoperatively” which was categorised as EWB (Table 4) [53]. In
two studies that used immediate WB protocols, patients were further
instructed to “weight bear as tolerated” [51,59]. Only one study
provided more specific instructions, allowing arm use for daily activ-
ities but restricting lifting to 10-pound or less [54]. However, the
timeframe for EWB was not explicitly defined in any included studies.

The feasibility of early weight bearing

The feasibility of EWB was reported in six studies, exploring
the facilitators, barriers, and adherence to EWB (Table 4)
[51,53,55,56,58,59]. Two studies highlighted that operative man-
agement functioned as a facilitator for EWB [57,58], especially in
cases involving polytrauma [51,59]. Setting preoperative rehabil-
itation goals for prompt postoperative ambulation was also iden-
tified as a facilitator.

Three studies focused on barriers to EWB [53,55,56]. These
barriers encompassed patient characteristics, surgeon’s experience,
fracture characteristics, and the type of operative fixation. Some
of these factors affected the patient’s ability to WB immediately
and tolerate additional upper limb WB, such as during sit-to-stand

or when using walking aids [55,56]. Szczesny et al. specifically
reported the characteristics of two patients with mental and phys-
ical incapacity. These patients developed postoperative delirium
and had reduced ambulation due to bilateral amputation or the
removal of a hip prothesis, which hindered their adherence to
post-operative WB instructions [53].

Three studies briefly mentioned patient’s adherence to EWB
instructions [51,53,59]. Two retrospective studies queried the
patient’s adherence to the prescribed immediate WB protocols
[51,59], although no further investigation was completed. Szczesny
et al. reported that two out of 131 patients did not adhere to
the postoperative instruction to “avoid overloading,” although it
is not clear whether this included the EWB protocols [53].

The acceptability of early weight bearing

No studies investigated the acceptability of EWB from the patients’
perspective. The acceptability of EWB from the orthopaedic sur-
geon's perspective was considered in 7 out of 10 studies
[51,52,55-58,60]. Some surgeons perceived EWB as acceptable in
certain instances, such as polytrauma, older people who required
upper limbs to support the use of walking aids or patients who
required expedient return to activities of daily living, employment,
or an important social role [57-59]. However, there were no stan-
dardised postoperative EWB instructions. Instead, five studies
emphasised that EWB protocols should be person centred and
individualised [51,52,55,58,60] and consider pre-operative plan-
ning, the appropriate operative implants, and postoperative
rehabilitation.

One study assessed the acceptability of EWB following post-
operative proximal humeral fractures among different
sub-specialities of orthopaedic surgeons [56]. It reported that a
greater proportion of trauma and orthopaedic surgeons consid-
ered EWB acceptable after arthroplasty, but not ORIF, compared
to shoulder surgeons [56]. Another survey was conducted exclu-
sively amongst trauma and orthopaedic surgeons, and it found
that they were more likely to recommend EWB in post-operative
humeral shaft fractures and polytrauma cases [57].

The safety of early weight bearing

The safety of EWB in the post-operative management of humeral
fractures was reported in only five studies (Table 4) [51-53,55,60].
One study reported that EWB did not cause non-union in post-
operative humeral shaft fractures [51]. Another study reported no
adverse effects after EWB in post-operative distal humerus frac-
tures without using slings or orthotics [60]. One study investigat-
ing EWB after post-operative comminuted proximal humeral
fractures found that only two of 131 patients had secondary
destabilisation following EWB [53]. These patients had
post-operative delirium and lower limb disability and did not
adhere to safety advice. The excessive WB resulted in poor oper-
ative outcomes, including humeral tubercles fragmentation and
secondary dislocation [53]. It is worth noting that these patients
had additional challenges postoperatively, which may have
affected their cognitive ability to understand the risk of overload-
ing a severe humeral fracture after surgery [53].

The effects of early weight bearing

Five studies reported the overall positive effects of post-operative
EWB following humeral fractures on disability level, pain, shoulder



524 J.H.GANETAL.

(panuiuod)

"SyuoW-Xis 1e pie bupjjem
INOY}M Pa3le|Nquie :S3W02IN0 [euoldun
9a1bap 0zL
J0 21e uoneuoid uopeurdns ‘(saai1bap G0 L—
0¢ abuel) s32163p 0ZL-S (WOY)
uollow Jo abues s,Moq|d :SIWOIINO0 [e1Ul]D)
*(SYIUOWI XIS) SY99M Q7 pue 7| UdIMId]

's9a.1bap

0Tl 03 0T woy
UoIXaly MOQJd YiMm
(uotunjew) uofeWIO)

‘syuejd-wi |ed1bins uo

puew=ap [eUOIIPPE PaleaId sainioely yeys

Buijeay [eduip pue Ajjesiydesboipes auoq >1do3joJaay yum ‘paydadde squil] gMm se squij Jaddn uo |esawny [eisip
PaA3IYde S3SED INOJ |[B Uoluf N pajeay moq|3 JO %St UN :suoabing juelas uosiad J1ap|o ‘(+) :1aLueg gM dlelpawiwl] g delpaww]  [SS] ‘Je 19 Jakepy
YN :S9Wo02IN0 |euolduNn
dN :S3Wo0d1no [ed1ul)
“(dMN) Buniesq
1ybIaM-UuOU dpeW IBM OYM (9%G6) syuedpnied
syuaied 11 dYl Jo 80L pue pajessol 40 %Ly
se gM Spew a1am oym (9%ze) swusned ‘g d1eipawwi Huiwioprad sain}oely
/TL dY} JO /|| Ul PIAIIYdE Sem uolun 's3sed aAlesado ul ur ANapy Juawieasy 1jeys |esswny
‘Juswieal) aanesado buimol|oy (%€6) uolunuou Jo 9%/ ‘Asjed ‘pardande uo pauanb :dualdYpy JO 9%€S 10} ‘[16] ‘e 19
S9INYIRIY GZZ Ul PAAIIYDR Sem uolun :uolun N 9AJIBU |eIpRY JO %01 dN :suoabing ‘uonjesado ‘(+) uojeM|Pe]  paJeId0) Se gM  GM Selpaww| Jawweybue
‘Aljeuonouny
Pe3aYIIN0 PAA3IYDe SIIPINOYS
pauiodal 946G/ :S3WOdINO [eUOIIDUNS
‘uted 3jesspow
uey} aiow ou pauodal %Gz ‘uied
ou pauodal %G/ = uonsanb HSYQ ul
21035 uled (07 = UOIRIADP plepuels ‘|7
ueaw) ‘gl paJods HSYQ :SAWO0dIN0 [ed1ul])
‘[painseaw AjpAnds(qo 'spunod Q| sainyoeuy
9q ued buljeay 21043 SIsSNed pajejaiun 40 1| ybram sniawny
woJj Yjeap 0} anp ssasse 0} d|geun e yum s1ay |easAydelperaw
sem |] (5'z8L — ¢S dbues) sypam /e = 10} pamoj|e Jewixoud
Ue3W $3SED [|B Ul UOIUN |NJjUIAUN :UOlUN 4N Asjed ansau [eipey Jo %S UN N N swie Jo asn gM dielpaww| [$S] ‘|e 39 sawer
“1JOM 0} uinjal pue uopdwnsal dAlde
‘uolieyljiqeyal Jarjes :sased annesadQ |
'S9WO2IN0 [RUOIIDUNS JUI||IIXD ‘Aywliopp
pey siuaned Jo 9,05 :S9sed dA11eIadOUoN | uofe|nbue aa1b6ap-5
1S9WO02IN0 |euofdUN uey) aJsow pey judfred
uoldeysiyes juaned 9,06 :S95EI dARIDAQ || ou :3sed aAnesado ||
"UOISUIIXd MOQ|d JO SSO| %z PuUB UoheM[Iqeyal ‘0501 JO d3el UOUN-UOU
UOI1R10J [eUJIXD JIP|NOYS Ul Paseaddp e 10} spie 0} anp uonesado
pey sjuaned Jo 95Gf :Sased aAzeIadouoy | Buryjem Klepuod3s pue ‘987—
1S9WODINO0 [edIUlD) U0 gM YUMm %81 JO d)eJ JUBWIeI}
's9sed dAleIado ul uolnie|nquie dA1eIddO-UOU
9JeJ UOIUN JO 9%00L—56 :SISED dAIRIDAQ *||  SleIpaww] ul Aywioyap sain}oely
‘Apmis 31buls e jo dn-mojjoy 03 sso| ybiy pamojje uolunjew ‘oG1-71 Jesawiny
woJj elep 3|geljaiun sased dAIeIadOUON ‘| :S9W0IN0 JO 91eJ uolunuou ‘pardande ‘ewnelsifjod |eisip ‘[8s]
:uojun Jeuolidun4 :s3sed dAesadouou | dN :suoabing ul uonesado ‘(+) :iore|de UN  gM dlelpaww| uppel pue gnoAy
gM3 03 dyiadsun dydads gm3 gM3 031 dyadsun sypads gm3 Ajiqeadandy Ajiqisead suofNIIsul j0>0304d sainyoely
Bunieaq Buieaq |esswiny jo
S1093 (3UdAd 3sianpe) A1ayes wyb1am jo adAL wbIvm 2dAy pue Apnig

‘Juswabeuew pajejal bulieaq ybBlam pue sainidely Jo s1aYd pue Aiajes ‘Ayjigerdsdde ‘Ayjigises4 v ajqel



THE FEASIBILITY, ACCEPTABILITY, SAFETY, AND EFFECTS OF EARLY WEIGHT BEARING IN HUMERAL FRACTURES - A SCOPING REVIEW 525

‘bunieaq ybram Auea o1 pajejas aanebau :(—) ‘buesq
1ybram Ajies o1 parejas aanisod :(+) ‘buieaq yblam :ga ‘uonnow jo abues :NQY ‘Buueaq 1ybiam-uou :gMN ‘buliesq 1ybram Aies :gm3 {payidads 10U SN ‘B|qeAalIal 10U YN ‘Bulal] A|1ep Jo S3IIAIDE [STQY SUoNeIAIQQY

‘syualzed 948¢

“JuaWIpLgap
|eJ0| pue dpoigiue
|eso painbal jeyy

ul (3|qissod suonduny 3s3q) O Palods uond3jul [epysadns sain}oely
HSVQ :S9Wo021n0 [euollduny pue [ed1uld padojanap juaned sniswny
SYPIM-Z | UIYNM | pue ‘eixesdoinau Buipeo| jeasip ‘[09]
pajeay ainidely pey siuaned |je :uolun 4N padojonsp jusned | dN (+) :suoabing dN dlelpaww| gM Slelpaww| e 19 uforzsulepy
‘Ajanneisadorsod
gM jo uonnedaid K1ajes
0} a13ype jou pip syuaned
‘Aydeibolpel LEL JO 1IN0 oM] ‘() :DdUIBYPY
sAes-x 1o} bujuonisod '9dUeQINISIP [RIUBW
juaned areudoiddeul aAnesadoysod pue ‘bujuasoo|
wouy uofesijigeis ondas woiuy sisayjoid
95|} 3|qISUISO diy e jo jerowss ‘uoneindwe
9%¢€°0 pue ‘ainjdely "uol3ed0[sip squi| Jamo| ande  A[jaanesadoisod sain}oely
|ea1bojoyred 9/°0 Kiepuodas pue 1uaLNdU0od Ul se Aldededul Awaaxd sniswny
‘sIS0IJ3U peay [eldwny uonejuawbesy Jeusw pue |edisAyd ay} jo Jewrxoid ‘[€6]
4N 4N %G ‘Sa.njiej UONeXY 9%z S3[243qn] [eJAWNH pey syuaned om) :isiueg Huipeolsno ploay dN ‘e 19 Ausdzozs
YN :S9W0dIN0 |euonduNn4
YN :S3Wod1no [ed1uld sainjoely
(s)oam {18 abuel) SHIIM ||| Sem awil S3W02IN0 ‘pardadde 1jeys [esawny
Buijesy abesane yum suolun Auoq :uolun 4N asiaApe jualedde oy 4N :suoabing dN gM d1eIpawiw| g d1elpaww]  ‘[gs] ‘e 19 pnzng
syluowl |y
18 0/ 18 palods Sd3| Sbesane
pue 99'6¢ Ppalods 3344 dbesane yum
salyjiqeded |euoliduny paniasaid ||esano
paliodal syuaned :saw0dIN0 [RUONIdUN ‘gM dieipawiwi Huiwioprad
'SdIW Ul d1esspow ul A)j9py Juswiean
sem 2103s uled 3A11I3[gNs ‘saW0dIN0 ‘f19bins uonisodsuesy J0 pauanb :aduassypy
ey se syuiod 99'6€ JO (JIYd) UOISUIXD 9AJ3U Jeujn ‘fisejdoiyrie moq|
MOQ[d pajel Judiied {(S9W02IN0 pue A13bins uonendead |e30} uey} suosiad iap|o saInoely
ey se syutod 1°9/ ((SdIW) 400 ewojewsaey paiinbal pue JabunoA yioq 1o} gm3 sniswny
9duewJoyad Moq[a oAejy :S9W0dINO |edIUlD ‘A136ans d1paedoyiio suwad Aysejd-oiyneiway jeisip ‘[66]
dN :uolun 4N uoIsiAa) paiinbal 941 | dN dN MOQ|3 (+) Holeyjpe4  pajesd|ol se g gM dieipauwiw| ‘e 13 suaydais
‘pardadde sainoely
:suoabins 1jeys [esawny
Jipaedoylio ‘ewnenAjod dwesawi} ‘[£S] sunpjad
4N 4N 4N pue ewnei| ul uonesado ‘(+) :iorel|de dN uo SN ‘aM3 pue yaieleys
‘paydande
10U :suoabins
pautesy diysmojja4
‘pardane
jou :suoabins "salsRRIRYD
Jap|noys  aunidely pue ‘sdnsualdeIeyd
‘paydande juaned ‘sdusiadxa sainyoely
:suoabins |euoissajold ‘A19bins jo sniswny
Jipaedoylio 9dA1 Aq uaaup sem suoabins dMN J0 Jewixoud
dN dN dN pue ewnei] g gMm3 03 UOISIP ‘(+) ‘sidlueg N dM S lpswwl 9G] '[e 19 yied
gM3 03 dyadsun Jyads gMm3 gM3 03 dyadsun Jyads gm3 Ayigeydandy Ayiqisead suol3dNJISUL |jod0301d sainjoely
Buneaq Bureaq |esawiny jo
$1943 (JU3AS 3siaApe) A194eS yb1am jo adAL 1yb19M 9dAy pue Apnis

‘panunuo) ¥ d|qer



526 J.H.GANETAL.

and elbow’s motion and functional outcomes [54,55,58-60]. Five
studies reported fracture healing time and extent [51,52,54,55,60].
Three studies did not comment on the effects of EWB [53,56,57].

The studies that used standardised outcome measures such
as DASH, PREE, MEPS to measure the effects of EWB all demon-
strated improvements in disability levels [54,59,60]. For instance,
Wajnsztejn et al. reported that 38% of patients achieved a score
of 0 on the DASH scale (indicating the best possible outcome)
[60], whilst James et al. reported mean DASH score of 21 (median
12; standard deviation 20) [54], meaning that their patients could
be considered clinically indistinguishable from the general pop-
ulation. Stephens et al. rated the improvements as “fair” after
EWB, (mean PREE score of 41 points, mean MEPS score of 76.1
points) [59]. Patients reported that their upper limbs’ functional
capabilities were generally preserved at 44 months.

Only two studies reported the effect of EWB on pain [54,59].
One study reported that 75% of patients experienced no pain,
whilst 25% reported no more than moderate pain measured by
the DASH questionnaire [54]. Likewise, in another study, moderate
average pain scores were measured by the MEPS [59].

Only three studies reported the effects of EWB on shoulder or
elbow motion [54,55,58]. In one case series, three out of four
patients achieved a maximum elbow range of motion from 5 to
120 degrees at mean (range) follow up of 47 (12-104) weeks [55].
Two studies used unspecified measures to assess range of motion
but mentioned that post-operative upper limb usage for ambu-
lation had improved, and another study reported that 75% of
patients were able to lift their arms above their head at mean
(range) 132 (52 to 182.5) weeks [54,58].

There was insufficient information to estimate the overall healing
time of fractures in two out five studies [51,54,60]. However, James
et al. [54] reported uneventful fracture healing in all 18 patients, whilst
Langhammer et al. [51] stated that union was achieved in 93% of
patients although there was no statistically significant relationship
(p=0.45) between postoperative WB status (EWB versus NWB) and
union rate, regardless of the size of fixation plates used. Wajnsztejn
et al. [60] defined fracture union as bridged cortices on 2 radiographic
planes and absence of union during movement. This study reported
that all patients (n=13) who underwent immediate postoperative WB
had fracture healing within 12weeks. Two other studies reported bony
healing on radiography after postoperative EWB [52,55]. Mayer et al.
[55] (n=4) reported initial radiographic healing at 12weeks, with
clinical and full radiographic healing at sixmonths; Suzuki et al. [52]
(n=17) reported radiographic bony union at a mean (range) of time
of 11 (8-14) weeks.

Discussion

This review found that there was some evidence for the feasibility,
safety, and effectiveness of EWB in humeral fractures following
operative management. EWB after some surgical approaches is
acceptable to some orthopaedic surgeons. However, research gaps
exist, including the absence of investigations into EWB following
non-operative management of humeral fractures, the optimal
timeframe for EWB, and the acceptability of EWB in patients, their
relatives, and the wider multidisciplinary healthcare team. The
study populations included in our review are similar to the age
distribution in epidemiological data for humeral fractures, ensuring
the generalisability of our findings [3,6,65].

Only six studies examined the facilitators, barriers, and adherence
in relation to the feasibility of EWB. Overall, the included studies
indicate that setting pre-operative goals [51,57-59], especially in
polytrauma cases, can help people’s mobility, consistent with findings

of previous studies [10,66,67]. This finding is also evidenced by three
studies that compared non-operative and operative fixation in
patients with polytrauma and concomitant humeral fractures [68-70].
Our review highlighted that there were four main barriers to
post-operative EWB after humeral fracture, this included patient
characteristics, surgeon’s experience, fracture characteristics, and the
type of operative fixation. These findings are similar to barriers
reported in a study of EWB after hip fractures [71]. However, addi-
tional barriers to EWB were identified after hip fracture and this may
include patient characteristics, increased operative time, pre-holiday
surgery and admissions in the first quarter of the year. Patient char-
acteristics, such as post-operative delirium, mental incapacity, and
lack of lower limb from amputation are vital safety considerations
when implementing EWB after humeral fractures [51,55,58].
Concerns regarding the feasibility and safety of applying EWB
post-operatively were raised in two studies [51,59]. Both studies
highlighted the risks associated with poor adherence to unexplicit
EWB status in some patients [51,59]. These concerns were also
raised in people following lower limb fractures, especially in older
people [72]. In the non-operative management of displaced lower
limb fractures (e.g., pelvic or acetabular fractures) these risks were
addressed by adapting the EWB guidelines [73]. One study of
post-operative EWB after hip fracture demonstrated that early EWB
and mobilisation was feasible and had high adherence (78%) [74].
These EWB protocols were also feasible in patients with cognitive
impairment or people with multi-comorbidities [74]. Therefore,
post-operative EWB approach should be considered after humeral
fractures if accompanied by clear rehabilitation instructions [75].
The acceptability of EWB following humeral fractures has only
been investigated from the perspectives of surgeons. Only two
included studies found that EWB post-operatively was more accept-
able to trauma and orthopaedic surgeons compared to shoulder
surgeons [56,57]. This preference was limited to arthroplasty surgery
alone [56], perhaps due to the belief that absolute fracture stability
is required to allow secondary healing for osteosynthesis. This was
further influenced by surgeon’s subspecialty training in shoulder
and elbow surgeries [56]. This preference is similar to a national
audit of EWB following ankle fracture, where only 21% of opera-
tively managed patients were recommended to EWB by surgeons
contrary to clinical guidelines [76,77]. Whereas immediate WB fol-
lowing hip fractures with precautionary measures was successfully
implemented as standard of care [78,79]. This provides an example
of a successful clinical pathway for EWB that could be mirrored for
post-operative humeral fractures. However, it is crucial to establish
active collaborations among patients and their relatives and
multi-disciplinary professionals to codesign evidence-based proto-
cols and pathways, so they are feasible and acceptable [80].
Adverse events were seldom reported in our included studies.
One study supported the application of EWB or immediate
post-operative WB protocols following humeral fractures, partic-
ularly in people with frailty or polytrauma [53]. This is because
humeral fractures can lead to substantial functional impairment
and reduced health-related quality of life, that is compounded by
NWB restrictions [34,81]. Langhammer et al. [51] found no link
between immediate WB protocols and adverse events in
post-operative humeral shaft fractures. Biomechanical studies also
supported the safety of immediate WB post-operatively in humeral
shaft and distal humeral fractures [82-84]. These biomedical stud-
ies suggest that the benefits of early rehabilitation and muscle
strengthening from an immediate WB approach can enhance the
performance of the surgical implants and patient outcomes [67.]
However, it is imperative that WB protocols are adhered to as
additional postoperative fractures and secondary dislocation were
reported in one study (two patients) following overloading [53].
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Secondary displacements of proximal humeral fracture affect over
12.5%-28.8% of cases post-operatively [85,86]. To minimise this risk,
Tingstad et al. suggested stratification of post-operative WB protocols
following humerus fractures based on the presence of lower limb
injury that required restricted WB restriction, rather than humeral
fracture pattern or severity [87]. In addition, a multi-professional
integrated care model involving biomechanical engineers and reha-
bilitation clinicians may help mitigate the risk of loading failure in
an EWB rehabilitation pathway following a humeral fracture [71,88-
91]. The findings from five included studies [51,52,54,55,60]. suggest
that EWB has no deleterious effect on the union or malunion rate,
which aligns with an early study of EWB in humeral shaft fractures
[87]. These findings suggest that promoting independence through
immediate or EWB protocols is warranted. Independence in social
roles matters more for patient at high mortality risk, which is a
stronger predictor of positive outcomes than age alone [92].

Limitations and strengths of this scoping review

This review had several limitations. The small number of included
studies, as well as the heterogeneity of patient demographics, oper-
ative methods, treatment, and WB protocols mean our findings
should be interpreted with caution. These limitations hinder accu-
rate implementation of EWB as part of the functional rehabilitation
process, especially distinguishing between the therapeutic effects
of primary and secondary bone healing. Additionally, the included
retrospective cohort studies and case series, which do not have
comparison groups, mean it was not possible to calculate between
group effect sizes for each outcome. It was also not possible to
stratify outcomes by EWB or immediate WB approaches for different
type of humerus fractures, operative or non-operative management.
This review, included comprehensive search strategy and followed
a standardised framework [43]. Due to funding constraints, it was
not possible to assign two reviewers to extract data from all evi-
dence sources. Instead, one reviewer extracted all the data and a
second reviewer extracted 50% of the sources. A third reviewer
checked the extraction accuracy for 10% of randomly selected
evidence sources thus minimising the risk of data inaccuracies [93].

Future research recommendations

Future studies should develop standardised definitions and termi-
nology for immediate and EWB when applied to the management
of humeral fractures, build the evidence for the dosage, time-
frames, and instructions for applying EWB protocols for both oper-
ative and non-operative management of humeral fractures and
explore the perspectives of patients and healthcare professional
about EWB protocols. While studies that evaluated the effect of
post-operative EWB using standardised outcome measures demon-
strated improvements in disability and function there is no core
outcome set which makes further synthesis difficult [54,59,60]. The
development of a core outcome set is needed for research into
the effectiveness of EWB after humeral fracture [94,95].

Conclusion

This scoping review revealed that there is some evidence for the
feasibility, safety, and effectiveness of EWB in humeral fractures
following operative management only. EWB after some surgical
approaches are acceptable to some sub-speciality of orthopaedic
surgeons, but this is not universal among orthopaedic surgeons.

Robust research studies using a core outcome set are warranted
to establish effective guidelines and clinical decision tools for the
implementation of EWB after humeral fractures.

Acknowledgements

We would like to express our gratitude to Dr Helen Wilson, the
orthogeriatrician and joint clinical director for frailty services at
the Royal Surrey NHS Foundation Trust for her valuable clinical
input to this study. We also acknowledge the support of librarian
at the St George’s, University of London, for facilitating open
access publishing through their agreement with Taylor & Francis
Group and the university.

Author contributions

All authors meet the criteria for authorship as defined by the
International Committee of Medical Journal Editors (ICMJE).
Lindsay Bearne, Alex Trompeter and Dimitra Nikoletou supervised
Jia Hui Gan throughout the study and they were involved in the
conceptualisation and design of the research. Jia Hui Gan, Lindsay
Bearne, Alex Trompeter, Dimitra Nikoletou, Sam Walters, and Jon
Room wrote and published the study protocol. Jia Hui Gan, Sam
Walters, Jon Room, and Greg Booth reviewed and retrieved the
records. Jia Hui Gan, Greg Booth, and Dimitra Nikoletou conducted
data extraction and data analysis. Jia Hui Gan wrote the first draft
of the manuscript, which was then reviewed by Dimitra Nikoletou,
Alex Trompeter, and Lindsay Bearne. All authors provided critical
feedback and approved the final manuscript.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Data set

https://osf.io/zkad9/.

Funding

Jia Hui Gan received funding from the National Institute for Health
and Care Research (NIHR)/Health Education England (HEE) as a
Predoctoral Clinical Academic and Practitioner Fellowship (Bridge).
This funding (NIHR302737) enabled her to conduct this scoping
review as part of her training and development programme. Prior
to this, she was awarded the SpringBoard individual development
funding by the NIHR Applied Research Collaboration for the Kent,
Surrey, and Sussex, which helped in publishing this study’s proto-
col. The view expressed in this publication are solely those of the
authors and do not necessarily reflect the views of the NHS, NIHR,
HEE, or the Department of Health and Social Care.

Data availability statement

The data supporting the findings of this study are available from
the corresponding author upon reasonable request.

ORCID

Lindsay Bearne http://orcid.org/0000-0002-2190-8590


https://osf.io/zkad9/.

528 J.H.GANETAL.

References

(1]

(2]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

(7]

Anley C, Vrettos B, Rachuene P, et al. Proximal humerus
fractures - part 1: conservative management. South Afr
Orthop J. 2019;18(3):63-71.

Leiblein M, Verboket R, Marzi |, et al. Nonunions of the hu-
merus — treatment concepts and results of the last five years.
Chin J Traumatol. 2019;22(4):187-195. doi: 10.1016/j.cjtee.
2019.04.002.

Court-Brown CM, Caesar B. Epidemiology of adult fractures:
a review. Int J Care Injured. 2006;37(8):691-697. doi: 10.1016/j.
injury.2006.04.130.

Iglesias-Rodriguez S, Dominguez-Prado DM, Garcia-Reza A,
et al. Epidemiology of proximal humerus fractures. J Orthop
Surg Res. 2021;16(1):402. doi: 10.1186/s13018-021-02551-x.
Kim SH, Szabo RM, Marder RA. Epidemiology of humerus
fractures in the United States: nationwide emergency de-
partment sample, 2008. Arthritis Care Res. 2012;64(3):407-
414. doi: 10.1002/acr.21563.

Bilge O, Dundar ZD, Atilgan N, et al. The epidemiology of
adult fractures according to the AO/OTA fracture classifica-
tion. Ulus Travma Acil Cerrahi Derg. 2022;28:209-216.
Daoub A, Ferreira PMO, Cheruvu S, et al. Humeral shaft frac-
tures: a literature review on current treatment methods.
Open Orthop J. 2022;16(1).

Hakeem NN, Almaslmani S, Al-Asiri J. Systematic review and
Meta-Analysis of patient reported outcome and return to
work after surgical vs non-surgical mid shaft humerus frac-
ture. J Orthop Bone Disord. 2022;6(1):000220.
Martinez-Catalan N. Conservative treatment of proximal hu-
merus fractures: when, how, and what to expect. Curr Rev
Musculoskelet Med. 2022;16(2):75-84. doi: 10.1007/
s12178-022-09817-9.

Cosic F, Kirzner N, Edwards E, et al. The translated proximal
humerus fracture: a comparison of operative and non-
operative management. J Orthop Trauma. 2023;37(9):e341-
e348. Available from: http://journals.lww.com/jorthotrauma
doi: 10.1097/BOT.0000000000002612.

Handoll HHG, Elliott J, Thillemann TM, et al. Interventions
for treating proximal humeral fractures in adults. Cochrane
Database Syst Rev. 2022;2022:1-373.

Kandemir U, Naclerio EH, McKee MD, et al. Humerus fractures:
selecting fixation for a successful outcome. J Orthop Trauma.
2023;6:e259.

Soler-Peiro M, Garcia-Martinez L, Aguilella L, et al. Conservative
treatment of 3-part and 4-part proximal humeral fractures:
a systematic review. J Orthop Surg Res. 2020;15(1):347. doi:
10.1186/513018-020-01880-7.

Flowers DW, McCallister E, Christopherson R, et al. The safe-
ty and effectiveness of early, progressive weight bearing and
implant choice after traumatic lower extremity fracture: a
systematic review. Bioengineering. 2022;9(12):750. doi:
10.3390/bioengineering9120750.

Singh S, Rao K, lyer C, et al. Effect of progressive controlled
weight bearing of upper extremity following proximal hu-
meral fracture: randomised control study. Int J Sci Res Publ.
2014;4:1-8.

Claes LE, Heigele CA. Magnitudes of local stress and strain
along bony surfaces predict the course and type of fracture
healing. J Biomech. 1999;32(3):255-266. doi: 10.1016/
50021-9290(98)00153-5.

Claes L, Heigele C, Neidlinger-Wilke C, et al. Effects of me-
chanical factors on the fracture healing process. Clin Orthop
Relat Res. 1998;355(355 Suppl):S132-S147. doi: 10.1097/
00003086-199810001-00015.

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

(33]

(34]

Kenwright J, Gardner T. Mechanical influences on tibial frac-
tures healing. Clin Orthop Relat Res. 1998;355(355
Suppl):5179-5190. doi: 10.1097/00003086-199810001-00019.
Perren SM. Physical and biological aspects of fracture heal-
ing with special reference to internal fixation. Clin Orthop
Relat Res. 1979;138(138):175-196.

Sheen RJ, Mabrouk A, Garla VV. Fracture healing overview
[Internet]. Treasure Island (FL): StatPearls; 2023 [updated 2023
Apr 8; cited 2023 Jun 20]. Available from: https://www.ncbi.
nim.nih.gov/books/NBK551678/

Buckwalter JA, Grodzinsky AJ. Loading of healing bone, fi-
brous tissue, and muscle: implications for orthopaedic prac-
tice. J Am Acad Orthop Surg. 1999;7(5):291-299. doi:
10.5435/00124635-199909000-00002.

Rueff-Barroso CR, Milagres D, Juliana DV, et al. Bone healing
in rats submitted to weight-bearing and non-weight-bearing
exercises. Med Sci Monit. 2008;14:BR231-BR236.

Augat P, Simon U, Liedert A, et al. Mechanics and
mechano-biology of fracture healing in normal and osteo-
porotic bone. Int Osteoporos Found Natl Osteoporos Found.
2005;16:536-43.

Meys G, Kalmet PHS, Sanduleanu S, et al. A protocol for per-
missive weight-bearing during allied health therapy in surgical-
ly treated fractures of the pelvis and lower extremities. J Rehabil
Med. 2019;51(4):290-297. doi: 10.2340/16501977-2532.
Bretherton CP, Claireaux HA, Achten J, et al. Protocol for the
weight-bearing in ankle fractures (WAX) trial: a multicentre
prospective non-inferiority trial of early versus delayed
weight-bearing after operatively managed ankle fracture.
BMC Musculoskelet Disord. 2021;22(1):672. doi: 10.1186/
$12891-021-04560-7.

Hodgson SA, Mawson SJ, Stanley D. Rehabilitation after
two-part fractures of the neck of the humerus. J Bone Joint
Surg Br. 2003;85(3):419-422. doi: 10.1302/0301-620x.85b3.
13458.

Khojaly R, Mac Niocaill R, Shahab M, et al. Is postoperative
non-weight-bearing necessary? INWN study protocol for a
pragmatic randomised multicentre trial of operatively treat-
ed ankle fracture. Trials. 2021;22(1):369. doi: 10.1186/
s13063-021-05319-0.

Kumar S, Sonar U, Singh |. Fragility fractures in the upper
limb: proximal and distal humerus. Br J Hosp Med.
2018;79(3):148-150. doi: 10.12968/hmed.2018.79.3.148.
Trompeter A. A call to arms: it's time to bear weight!. Bone
Joint J. 2020;102-B(4):403-406. doi: 10.1302/0301-620X.102B4.
BJJ-2019-1482.R1.

Warren J, Sundaram K, Anis H, et al. The association between
weight-bearing status and early complications in hip frac-
tures. Eur J Orthop Surg Traumatol. 2019;29(7):1419-1427.
doi: 10.1007/s00590-019-02453-z.

British Orthopaedic Association Trauma Committee. British
Orthopaedic Association’s Standards for Trauma (BOAST): care
of the older or frail patient with orthopaedic injuries. Injury.
2020;51(7):1419-1421. doi: 10.1016/j.injury.2020.06.005.
Sacks B, Mughal HN, Ahluwalia A, et al. The BOAST recom-
mendations for care of the older or frail orthopaedic trauma
patient. Br J Hosp Med. 2020;81(7):1-8. doi: 10.12968/
hmed.2020.0028.

Agir i, Tuncer N, Kiiciikdurmaz F, et al. Functional comparison
of immediate and late weight bearing after ankle bimalleo-
lar fracture surgery. Open Orthop J. 2015;9(1):188-190. doi:
10.2174/1874325001509010188.

Budharaju A, Hones KM, Hao KA, et al. Rehabilitation proto-
cols in proximal humerus fracture management: a system-
atic review. Shoulder Elbow. 2023:17585732231182374.


https://doi.org/10.1016/j.cjtee.2019.04.002
https://doi.org/10.1016/j.cjtee.2019.04.002
https://doi.org/10.1016/j.injury.2006.04.130
https://doi.org/10.1016/j.injury.2006.04.130
https://doi.org/10.1186/s13018-021-02551-x
https://doi.org/10.1002/acr.21563
https://doi.org/10.1007/s12178-022-09817-9
https://doi.org/10.1007/s12178-022-09817-9
http://journals.lww.com/jorthotrauma
https://doi.org/10.1097/BOT.0000000000002612
https://doi.org/10.1186/s13018-020-01880-7
https://doi.org/10.3390/bioengineering9120750
https://doi.org/10.1016/s0021-9290(98)00153-5
https://doi.org/10.1016/s0021-9290(98)00153-5
https://doi.org/10.1097/00003086-199810001-00015
https://doi.org/10.1097/00003086-199810001-00015
https://doi.org/10.1097/00003086-199810001-00019
https://www.ncbi.nlm.nih.gov/books/NBK551678/
https://www.ncbi.nlm.nih.gov/books/NBK551678/
https://doi.org/10.5435/00124635-199909000-00002
https://doi.org/10.2340/16501977-2532
https://doi.org/10.1186/s12891-021-04560-7
https://doi.org/10.1186/s12891-021-04560-7
https://doi.org/10.1302/0301-620x.85b3.13458
https://doi.org/10.1302/0301-620x.85b3.13458
https://doi.org/10.1186/s13063-021-05319-0
https://doi.org/10.1186/s13063-021-05319-0
https://doi.org/10.12968/hmed.2018.79.3.148
https://doi.org/10.1302/0301-620X.102B4.BJJ-2019-1482.R1
https://doi.org/10.1302/0301-620X.102B4.BJJ-2019-1482.R1
https://doi.org/10.1007/s00590-019-02453-z
https://doi.org/10.1016/j.injury.2020.06.005
https://doi.org/10.12968/hmed.2020.0028
https://doi.org/10.12968/hmed.2020.0028
https://doi.org/10.2174/1874325001509010188

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

(511

[52]

THE FEASIBILITY, ACCEPTABILITY, SAFETY, AND EFFECTS OF EARLY WEIGHT BEARING IN HUMERAL FRACTURES - A SCOPING REVIEW 529

Passias BJ, Korpi FP, Chu AK, et al. Safety of early weight
bearing following fixation of bimalleolar ankle fractures.
Cureus. 2020;12(4):e7557. doi: 10.7759/cureus.7557.
Anderson TB, Duong H. Weight bearing [Internet]. NCBI
Bookshelf. A Service of the National Library of Medicine,
National Institutes of Health. StatPearls. Treasure Island (FL):
StatPearls Publishing; 2022 [cited 2022 Oct 7]. Available from:
https://pubmed.ncbi.nlm.nih.gov/31855400/

Myers DM, Pulido SH, Forsting S, et al. Effect of early
weight bearing on outcomes after open reduction and
internal fixation of trimalleolar ankle fractures. Journal of.
Orthopedics. 2021;44(3):160-165. doi: 10.3928/01477447-
20210104-04.

National Clinical Guideline Centre (The Section on Surgical
Procedures Has Been Updated by the 2023 Update). The
management of hip fracture in adults update information
[Internet]. 2011. Available from: https://www.nice.org.uk/
guidance/cg124

Sernandez H, Riehl J, Fogel J. Do early weight-bearing and
range of motion affect outcomes in operatively treated
ankle fractures: a systematic review and meta-analysis. J
Orthop Trauma. 2021;35(8):408-413. doi: 10.1097/BOT.
0000000000002046.

Ambrésio J, Quental C, Pilarczyk B, et al. Multibody biome-
chanical models of the upper limb. 2011 symposium on
human body dynamics. Procedia IUTAM. 2011;2:4-17. doi:
10.1016/j.piutam.2011.04.002.

Lu S, Wu J, Xu S, et al. Medial approach to treat humeral
mid-shaft fractures: a retrospective study. J Orthop Surg Res.
2016;11:32. doi: 10.1186/s13018-016-0366-1.

Pidhorz L. Acute and chronic humeral shaft fractures in
adults. Orthop Traumatol Surg Res. 2015;101(1 Suppl):S41-
S49. doi: 10.1016/j.0tsr.2014.07.034.

Peters MDJ, Godfrey C, Mclnerney P, et al. Best practice guid-
ance and reporting items for the development of scoping
review protocols. JBI Evid Synth. 2022;20(4):953-968. doi:
10.11124/JBIES-21-00242.

Tricco AC, Lillie E, Zarin W, et al. PRISMA extension for
scoping reviews (PRISMA-ScR): checklist and explanation.
Ann Intern Med. 2018;169(7):467-473. doi: 10.7326/M18-
0850.

Peters MDJ, Marnie C, Colquhoun H, et al. Scoping reviews:
reinforcing and advancing the methodology and application.
Syst Rev. 2021;10(1):263. doi: 10.1186/513643-021-01821-3.
Hoppe DJ, Bhandari M. Evidence-based orthopaedics: a brief
history symposium. Indian J Orthop. 2008;42:1-7.
Guimaraes NS, Ferreira AJF, Ribeiro Silva RdC, et al.
Deduplicating records in systematic reviews: there are free,
accurate automated ways to do so. J Clin Epidemiol.
2022;152:110-115. doi: 10.1016/j.jclinepi.2022.10.009.
Ouzzani M, Hammady H, Fedorowicz Z, et al. Rayyan-a web
and mobile app for systematic reviews. Syst Rev. 2016;5(1):210.
doi: 10.1186/513643-016-0384-4.

Khalil H, Peters MD, Tricco AC, et al. Conducting high qual-
ity scoping reviews-challenges and solutions. J Clin Epidemiol.
2021;130:156-160. doi: 10.1016/j.jclinepi.2020.10.009.

Piper C. System for the unified management, assessment,
and review of information (SUMARI). J Med Libr Assoc.
2019;107:634-636.

Langhammer CG, Rotunno G, Sebastian C, et al. Small-fragment
plate fixation of humeral shaft fractures. Orthopedics.
2023;46(4):198-204. doi: 10.3928/01477447-20230224-02.
Suzuki T, Hak DJ, Stahel PF, et al. Safety and efficacy of
conversion from external fixation to plate fixation in humer-

(53]

[54]

[55]

[56]

[57]

(58]

[59]

(60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

al shaft fractures. J Orthop Trauma. 2003;24(7):414-419. doi:
10.1097/BOT.0b013e3181c673ab.

Szczesny G, Ratajczak K, Fijewski G, et al. Failures of opera-
tive treatment of comminuted fractures of proximal humer-
us in own material. Ortop Traumatol Rehabil. 2018;20(4):271-
284. doi: 10.5604/01.3001.0012.6461.

James IB, Farrell DJ, Evans AR, et al. Open reconstruction of
complex proximal metadiaphyseal fragility fractures of the
humerus. Geriatr Orthop Surg Rehabil. 2014;5(1):9-13. doi:
10.1177/2151458514520701.

Mayer R, Choo A, Zuelzer D. Distal humerus fractures in the
elderly: when to fix and when to replace? J Orthop Trauma.
2021;35(Suppl 5):511-S15. doi: 10.1097/BOT.0000000000002231.
Patch DA, Reed LA, Hao KA, et al. Understanding postoper-
ative rehabilitation preferences in operatively managed prox-
imal humerus fractures: do trauma and shoulder surgeons
differ? J Shoulder Elbow Surg. 2022;31(5):1106-1114. doi:
10.1016/j.jse.2021.12.045.

Sharareh B, Perkins C. Variation in management of humeral
and clavicular shaft fractures amongst fellowship trained
orthopedic traumatologists. BMC Musculoskelet Disord.
2020;21(1):618. doi: 10.1186/512891-020-03639-x.

Ayoub MS, Tarkin IS. Best care paradigm to optimize func-
tionality after extra-articular distal humeral fractures in the
young patient. J Clin Orthop Trauma. 2018;9S:(Suppl 1):5116-
$122. doi: 10.1016/j.jcot.2018.02.002.

Stephens J, Kohrs B, Bushnell L, et al. Distal humerus frac-
tures managed with elbow hemiarthroplasty. J Shoulder Elb
Arthroplast. 2020;4:1-6.

Wajnsztejn A, de Albuquerque DD, Espinola I, et al.
Submuscular double bridge plating for complex distal frac-
tures of the humerus: an alternative, safe, and efficient treat-
ment method. Eur J Orthop Surg Traumatol. 2017;27(8):1069-
1074. doi: 10.1007/s00590-017-1987-8.

Suzuki T, Hak DJ, Stahel PF, et al. Safety and efficacy of
conversion from external fixation to plate fixation in humer-
al shaft fractures [Internet]. J Orthop Trauma. 2010;24(7):414-
419.

Beaton DE, Katz JN, Fossel AH, et al. Measuring the whole
or the parts? Validity, reliability, and responsiveness of the
disabilities of the arm, shoulder and hand outcome measure
in different regions of the upper extremity. J Hand Ther.
2001;14(2):128-142. doi: 10.1016/50894-1130(01)80043-0.
Vincent J, MacDermid JC. The patient-rated elbow evaluation
(PREE). J Physiother. 2012;58(4):274. doi: 10.1016/51836-9553
(12)70134-0.

Cusick MC, Bonnaig NS, Azar FM, et al. Accuracy and reli-
ability of the Mayo elbow performance score. J Hand Surg
Am. 2014;39(6):1146-1150. doi: 10.1016/j.jhsa.2014.01.041.
Walters JM, Ahmadi S. High-Energy proximal humerus fractures
in geriatric patients: a review. Geriatr Orthop Surg Rehabil.
2020;11:2151459320971568. doi: 10.1177/2151459320971568.
Handoll H, Brealey S, Rangan A, et al. The ProFHer (PROximal
fracture of the humerus: evaluation by randomisation) trial
- a pragmatic multicentre randomized controlled trial eval-
uating the clinical effectiveness and cost-effectiveness of
surgical compared with non-surgical treatment for proximal
fracture of the humerus in adults. Health Technol Assess.
2015;19(24):1-280. doi: 10.3310/hta19240.

Cunningham B, Tangtiphaiboontana J, Basmajian H, et al.
Immediate weight-bearing as tolerated has improved out-
comes compared to non-weight-bearing after surgical stabi-
lisation of midshaft clavicle fractures trauma in polytrauma
patients. J Orthop Rehabil. 2018;25:16-20.


https://doi.org/10.7759/cureus.7557
https://pubmed.ncbi.nlm.nih.gov/31855400/
https://doi.org/10.3928/01477447-20210104-04
https://doi.org/10.3928/01477447-20210104-04
https://www.nice.org.uk/guidance/cg124
https://www.nice.org.uk/guidance/cg124
https://doi.org/10.1097/BOT.0000000000002046
https://doi.org/10.1097/BOT.0000000000002046
https://doi.org/10.1016/j.piutam.2011.04.002
https://doi.org/10.1186/s13018-016-0366-1
https://doi.org/10.1016/j.otsr.2014.07.034
https://doi.org/10.11124/JBIES-21-00242
https://doi.org/10.7326/M18-0850
https://doi.org/10.7326/M18-0850
https://doi.org/10.1186/s13643-021-01821-3
https://doi.org/10.1016/j.jclinepi.2022.10.009
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1016/j.jclinepi.2020.10.009
https://doi.org/10.3928/01477447-20230224-02
https://doi.org/10.1097/BOT.0b013e3181c673a6
https://doi.org/10.5604/01.3001.0012.6461
https://doi.org/10.1177/2151458514520701
https://doi.org/10.1097/BOT.0000000000002231
https://doi.org/10.1016/j.jse.2021.12.045
https://doi.org/10.1186/s12891-020-03639-x
https://doi.org/10.1016/j.jcot.2018.02.002
https://doi.org/10.1007/s00590-017-1987-8
https://doi.org/10.1016/S0894-1130(01)80043-0
https://doi.org/10.1016/S1836-9553(12)70134-0
https://doi.org/10.1016/S1836-9553(12)70134-0
https://doi.org/10.1016/j.jhsa.2014.01.041
https://doi.org/10.1177/2151459320971568
https://doi.org/10.3310/hta19240

530 J.H.GANETAL.

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

Dielwart C, Harmer L, Thompson J, et al. Management of
closed diaphyseal humerus fractures in patients with injury
severity score >17. J Orthop Trauma. 2017;31(4):220-224. doi:
10.1097/BOT.0000000000000768.

Lee MJ, Ng J, Kok TWK, et al. Does the surgical treatment
of concomitant upper limb fractures affect the outcomes
of hip fractures in the elderly population? Arch Orthop
Trauma Surg. 2023;143(1):353-358. doi: 10.1007/s00402-
021-04328-7.

Ritter V, Lin FC, Miller A, et al. Fixation of humerus shaft
fractures in polytrauma patients does not improve short-term
outcomes. Injury. 2023;54(2):573-577. doi: 10.1016/j.injury.
2022.11.060.

Turabi RY, Wyatt D, Guerra S, et al. Barriers and facilitators
of weight bearing after hip fracture surgery among older
adults. A scoping review. Osteoporos Int. 2023;34(7):1193-
1205. doi: 10.1007/s00198-023-06735-5.

Seo H, Lee GJ, Shon HC, et al. Factors affecting compliance
with weight-bearing restriction and the amount of
weight-bearing in the elderly with femur or pelvic fractures.
Ann Rehabil Med. 2020;44(2):109-116. doi: 10.5535/
arm.2020.44.2.109.

Sivapathasuntharam D, Smith G, Master MA, et al. Fragility
fractures of the pelvis in the older population. Age Ageing.
2022;51:1-5.

Barone A, Giusti A, Pizzonia M, et al. Factors associated with
an immediate weight-bearing and early ambulation program
for older adults after hip fracture repair. Arch Phys Med
Rehabil. 2009;90(9):1495-1498. doi: 10.1016/j.apmr.2009.
03.013.

Raza M, Walters S, Richardson C, et al. Weight-bearing in
trauma surgery (WITS) study: a national survey of UK trauma
& orthopaedic multidisciplinary health professionals. Injury.
2022;53(2):427-433. doi: 10.1016/j.injury.2021.12.019.

BONE Collaborative. Weight-bearing in ankle fractures: an
audit of UK practice. Foot. 2019;39:28-36. doi: 10.1016/j.
f00t.2019.02.005.

National Institute for Health and Care Excellence. Fractures
(non-complex): assessment and management NICE guideline
[Internet]. 2023 [cited 2023 May 30]. Available from: www.
nice.org.uk/guidance/ng38.

Richardson C, Bretherton CP, Raza M, et al. The fragility frac-
ture postoperative mobilisation multicentre audit. Bone Joint
J. 2022;104-B(8):972-979. doi: 10.1302/0301-620X.104B8.
BJJ-2022-0074.R1.

Tarrant SM, Attia J, Balogh ZJ. The influence of weight-bearing
status on post-operative mobility and outcomes in geriatric
hip fracture. Eur J Trauma Emerg Surg. 2022;48(5):4093-4103.
doi: 10.1007/500068-022-01939-6.

Owyang D, Bakhsh A, Brewer D, et al. Patient and public
involvement within orthopaedic research: a systematic re-
view. J Bone Joint Surg. 2021;103:1-6.

Kortebein P, Symons TB, Ferrando A, et al. Functional impact
of 10 days of bed rest in healthy older adults. J Gerontol A
Biol Sci Med Sci. 2008;63(10):1076-1081. doi: 10.1093/gero-
na/63.10.1076.

[82]

(83]

(84]

[85]

[86]

(87]

[88]

(89]

[90]

[91]

[92]

[93]

[94]

[95]

Bledsoe JG, Geraud S, Cannada LK. Immediate weight bear-
ing after fixation of humeral shaft fractures with small frag-
ment hybrid plating: a biomechanical analysis. J Orthop Exp
Innov. 2021;2(2):1-9. doi: 10.60118/001¢c.25328.

Patel J, Motwani G, Shah H, et al. Outcome after internal
fixation of intraarticular distal humerus (AO type B & C)
fractures: preliminary results with anatomical distal humerus
LCP system. J Clin Orthop Trauma. 2017;8(1):63-67. doi:
10.1016/j.jcot.2017.02.004.

Varady PA, von Riden C, Greinwald M, et al. Biomechanical
comparison of anatomical plating systems for comminuted
distal humeral fractures. Int Orthop. 2017;41(9):1709-1714.
doi: 10.1007/5s00264-017-3444-z.

Ji JH, Jeong JJ, Kim YY, et al. Clinical and radiologic outcomes
of arthroscopic suture bridge repair for the greater tuberos-
ity fractures of the proximal humerus. Arch Orthop Trauma
Surg. 2017;137(1):9-17. doi: 10.1007/s00402-016-2586-6.
Rangan A, Handoll H, Brealey S, et al. Surgical vs nonsurgical
treatment of adults with displaced fractures of the proximal
humerus the PROFHER randomized clinical trial. JAMA J Am
Med Assoc. 2015;313(10):1037-1047. doi: 10.1001/jama.2015.1629.
Tingstad EM, Wolinsky PR, Shyr Y, et al. Effect of immediate
weightbearing on plated fractures of the humeral shaft back-
ground: this study evaluated. J Trauma. 2000;49(2):278-280.
doi: 10.1097/00005373-200008000-00014.

British Geriatrics Society. BGS joining the dots - a blueprint
for preventing and managing frailty in older people [Internet].
2023 [cited 2023 Jun 22]. Available from: https://www.bgs.
org.uk/Blueprint

Donohoe E, Roberts HJ, Miclau T, et al. Management of low-
er extremity fractures in the elderly: a focus on post-operative
rehabilitation. Injury. 2020;51 Suppl 2:5118-S122. doi:
10.1016/j.injury.2020.04.050.

Lamb LC, Montgomery SC, Wong Won B, et al. A multidisci-
plinary approach to improve the quality of care for patients
with fragility fractures. J Orthop. 2017;14(2):247-251. doi:
10.1016/j.jor.2017.03.004.

McCartney M, Finnikin S. Evidence and values in the NHS:
choosing treatments and interventions well. Br J Gen Pract.
2019;69(678):4-5. doi: 10.3399/bjgp19X700313.

Schumaier A, Grawe B. Proximal humerus fractures: evalu-
ation and management in the elderly patient. Geriatr
Orthop Surg Rehabil. 2018;9:2151458517750516. doi:
10.1177/2151458517750516.

Pollock D, Peters MDJ, Khalil H, et al. Recommendations for
the extraction, analysis, and presentation of results in scop-
ing reviews. JBI Evid Synth. 2023;21(3):520-532. doi: 10.11124/
JBIES-22-00123.

Bergdahl C, Ekholm C, Wennergren D, et al. Epidemiology
and patho-anatomical pattern of 2,011 humeral fractures:
data from the Swedish fracture register. BMC Musculoskelet
Disord. 2016;17:1-10.

Navarro CM, Brolund A, Ekholm C, et al. Treatment of humerus
fractures in the elderly: a systematic review covering effective-
ness, safety, economic aspects and evolution of practice. PLoS
One. 2018;13(12):e0207815. doi: 10.1371/journal.pone.0207815.


https://doi.org/10.1097/BOT.0000000000000768
https://doi.org/10.1007/s00402-021-04328-7
https://doi.org/10.1007/s00402-021-04328-7
https://doi.org/10.1016/j.injury.2022.11.060
https://doi.org/10.1016/j.injury.2022.11.060
https://doi.org/10.1007/s00198-023-06735-5
https://doi.org/10.5535/arm.2020.44.2.109
https://doi.org/10.5535/arm.2020.44.2.109
https://doi.org/10.1016/j.apmr.2009.03.013
https://doi.org/10.1016/j.apmr.2009.03.013
https://doi.org/10.1016/j.injury.2021.12.019
https://doi.org/10.1016/j.foot.2019.02.005
https://doi.org/10.1016/j.foot.2019.02.005
http://www.nice.org.uk/guidance/ng38
http://www.nice.org.uk/guidance/ng38
https://doi.org/10.1302/0301-620X.104B8.BJJ-2022-0074.R1
https://doi.org/10.1302/0301-620X.104B8.BJJ-2022-0074.R1
https://doi.org/10.1007/s00068-022-01939-6
https://doi.org/10.1093/gerona/63.10.1076
https://doi.org/10.1093/gerona/63.10.1076
https://doi.org/10.60118/001c.25328
https://doi.org/10.1016/j.jcot.2017.02.004
https://doi.org/10.1007/s00264-017-3444-z
https://doi.org/10.1007/s00402-016-2586-6
https://doi.org/10.1001/jama.2015.1629
https://doi.org/10.1097/00005373-200008000-00014
https://www.bgs.org.uk/Blueprint
https://www.bgs.org.uk/Blueprint
https://doi.org/10.1016/j.injury.2020.04.050
https://doi.org/10.1016/j.jor.2017.03.004
https://doi.org/10.3399/bjgp19X700313
https://doi.org/10.1177/2151458517750516
https://doi.org/10.11124/JBIES-22-00123
https://doi.org/10.11124/JBIES-22-00123
https://doi.org/10.1371/journal.pone.0207815

	The feasibility, acceptability, safety, and effects of early weight bearing in humeral fractures  a scoping review
	ABSTRACT
	Introduction
	Methods
	Search strategy
	Eligibility criteria
	Source of evidence selection
	Data extraction and charting
	Data synthesis and analysis

	Results
	Study identification
	Studies included and participants characteristics
	Fracture classifications and management
	Early weight bearing protocol in humeral fractures
	The feasibility of early weight bearing
	The acceptability of early weight bearing
	The safety of early weight bearing
	The effects of early weight bearing

	Discussion
	Limitations and strengths of this scoping review
	Future research recommendations
	Conclusion
	Acknowledgements
	Author contributions
	Disclosure statement
	Data set
	Funding
	Data availability statement
	ORCID
	References


