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Background: The humeral shaft fracture accounts for 1%-3% of all fractures and occurs in both the young and old population. However,
the optimal treatment is still a matter of debate. Even though nonoperative treatment is commonly considered the gold standard, advan-
tages have been described using operative stabilization. This systematic review aims to compare operative and nonoperative treatment in
adult patients with humeral shaft fractures.
Method: We used the following databases: PubMed, Embase, Cochrane, and CINAHL on October 1, 2018, searching for randomized
controlled trials (RCTs) and cohort studies. Two reviewers screened the studies using Covidence, followed by systematic data extraction.
The primary outcome was defined as posttreatment complications such as nonunion, radial nerve palsy, malunion, and infections. The
secondary outcomes were functional scores and patient-reported outcome measures (PROMs). To assess study quality, the risk of bias in
nonrandomized studies of interventions and the Cochrane risk of bias tool were used.
Results: Twelve studies were included: 1 RCT, 1 prospective cohort, and 10 retrospective cohorts with a total of 1406 patients, of whom
835 were treated operatively and 571 nonoperatively. Mean age ranged from 35 to 64, and 54% of the patients were male. The cohort
studies had, in general, moderate bias, whereas the RCT had a low bias. There were statistically significant fewer nonunions in the oper-
ative treated group with a risk ratio of 0.49 (0.35-0.67), yielding a number needed to treat ¼ 12. There were more deep infections in the
operative group with a risk ratio of 2.76 (1.01-7.53) but otherwise no statistical differences concerning malunion or nerve damage. Only
1 study included PROM data.
Conclusion: There were fewer nonunions in the operative group but more deep infections. Because of the lack of studies reporting
PROMs, the potential positive effect of operative therapy in early aftercare could not be evaluated. Therefore, PROMs should be manda-
tory in future comparative studies.
Level of evidence: Level III; Systematic Review
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The nonoperative approach has historically been the
most used treatment for humeral shaft fractures, whereas
functional bracing is the preferred method for many or-
thopedic surgeons.24 However, some studies suggest an
increase in the amount of operatively treated cases with
plate fixation being the gold standard of operative
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methods.3 What is the evidence for choosing between
operative and nonoperative treatment for humeral shaft
fractures?

Fewer iatrogenic complications such as infections and
nerve damage are the benefits of nonoperative treatment,
but the approach has a higher risk for nonunion with a
reported range between 2% and 20%.2,22 The potential
benefits of operative treatment could include low frequency
of both nonunion and postoperative malunion, allowing
earlier mobilization.6,19 However, there might be a higher
risk of infection, fixation failure, and secondary nerve
damage.6,19 Both methods report advantages and disad-
vantages; however, the optimal method of treating a
diaphyseal humeral fracture is yet to be determined.
Currently, a systematic review combining the existing data
of treatment outcome is missing, rendering the choice of
optimal treatment to the surgeons’ personal preference.

This study aimed, therefore, to conduct a systematic
review and meta-analysis comparing nonoperative and
operative treatment for humeral shaft fractures in adults.
Method

Protocol and registration

The systematic review and meta-analysis were planned,
performed, and reported according to the preferred report-
ing items for systematic reviews and meta-analysis guide-
line statement.17 Before the data extraction and analysis, a
study protocol was registered with the PROSPERO register
of systematic reviews with the registration number 116733.

Eligibility criteria

Our research question was based on a population, inter-
vention, comparison, outcome (PICO) model that consisted
of a patient population older than 16 years with a humeral
shaft fracture receiving either operative (external or internal
fixation) or nonoperative (braces, sling, collar ‘n’ cuff, or
similar) treatment. The primary outcome was defined as
post-treatment complications and the secondary outcome as
physical function and patient-reported outcome measure
(PROM). The aim was to find randomized controlled trials
(RCTs) and cohort studies that investigate the differences
and perform a meta-analysis. Articles that were not in
English, French, or German were excluded. The time lim-
itation was set to articles written after 1990 due to the
introduction of the low contact dynamic compression plate,
in an attempt to exclude obsolete fixation methods.

Information sources

In cooperation with a scientific librarian, 2 of the authors
(IL and VN) searched the following databases: PubMed,
Embase (Classic þ Embase 1947 to 2018 week 20),
Cochrane, and CINAHL. The search was performed on
October 1, 2018. Searches in gray literature gave no
results.

Search

All 4 databases were searched with the same search strat-
egy. No limitations were applied. The following search
string was used in PubMed:

((((((((((((humerus[MeSH Terms]) OR humeral) OR
humerus) OR humeri) OR diaphysis) OR diaphyseal) :OR
‘‘upper limb’’) OR ‘‘upper extremity’’) OR ‘‘upper arm))
AND ((((((fracture[MeSH Terms]) OR humeral shaft frac-
ture[MeSH Terms]) OR humeral fracture[MeSH Terms])
OR fracture) OR fractured) OR fractures)) AND
(((((((((((fracture fixation[MeSH Terms]) OR fracture
healing[MeSH Terms]) OR orthopedic surgery[MeSH
Terms]) OR surgery) OR surgical) OR operation) OR
operative) OR operational) OR operate) OR orthopedic)
OR orthopaedic)) AND ((((((((((physical therapy modal-
ities[MeSH Terms]) OR conservative) OR conventional)
OR non surgical) OR nonsurgical) OR non operative) OR
nonoperative) OR collar) OR cuff) OR sling

Study selection

The search results were managed in Covidence, where the
list of an initial 10,036 articles was reduced to 8071 after
duplicates were removed (Fig. 1). Two authors (IL and VN)
screened the articles independently by title and abstracts;
disagreements were resolved by discussion. The full text
was read for final article inclusion, and the whole author
group discussed any disagreements.

Data collection process

Two authors (IL and VN) created a data extraction table
and filled in all data independently. After completion, all
entries were cross-checked. Disagreements were resolved
by discussion between the 2 authors, and the whole author
group discussed any unresolved issues.

Data items

The following data were extracted: first author, country,
number of patients, study design, male/female ratio, age,
patient type, fracture type (Arbeitsgemeinschaft f€ur
Osteosynthesefragen [AO] classification), mechanism of
injury, study period (start to end of study), time to follow-
up (time from surgery to outcomes was registered), loss to
follow-up, treatment technique, nonunion, malunion,
infection, postoperative nerve damage, mean time to union,
PROM, and functional outcome. PROM and functional
outcomes such as elbow and shoulder range of motion
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Figure 1 PRISMA flow diagram of the screening process. PRISMA, preferred reporting items for systematic reviews and meta-analysis.
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(ROM) were reported in a variety of ways making any
combined comparison difficult.

Nonunion was defined in this review as a fracture’s
inability to heal within 26 weeks, as union after this is less
than likely, and many patients are reoperated at this point.4

This was in accordance with the definition used in the
reviewed articles. Malunion was defined as radiographic
angulation >5� or sagittal angulation >10� as seen on
postoperative radiographs.9 This review considered only
deep infections, defining them as infections that needed any
surgical d�ebridement and/or intravenous antibiotics.
Risk of bias in individual studies

The methodology used in the 12 articles was quality
assessed using the risk of bias in nonrandomized studies of
interventions,23 and the RCT was measured by the
Cochrane risk of bias tool (RoB 2.0).10 These tools assess
the quality in the following domains: confounding, selec-
tion of participants, intervention classification, deviations
from intent, missing data, outcome measurement, selection
of results, and overall quality of the study. All articles were
judged to be low, moderate, serious, or critical.
Summary measures

Outcomes were reported across studies and were quantita-
tively analyzed using forest plots (statistical software:
RevMan 5.3, Copenhagen, Denmark). The intervention
effect was expressed as a risk ratio (RR). Statistical sig-
nificance was defined as P � .05. Pooled data were assessed
for heterogeneity using the c2 and I2 tests. Heterogeneity
was defined as ‘‘absent’’ (0%-25%), ‘‘low’’ (26%-50%),
‘‘moderate’’ (51%-75%), or ‘‘high’’ (76%-100%). Fixed-
effect meta-analysis was carried out when the I2 was less
than 50%; otherwise, a random-effects model was used.11



Table I Demographics of the included studies

Study LoE Period of
inclusion

Patients
(n)

Male sex
(%)

Treatment
(n)

Percentage Age, mean
(�SD)

A (%) AO 12 C (%) Follow-
up
(weeks)

B (%)

Denard et al
(2010)5

III 2001-
2006

213 54 OP 150 70 35 (�16) – – – 34

USA Non-
OP

63 30 36 (�17) – – –

Dielwart et al
(2017)6

III 2006-
2011

71 58 OP 40 56 38 23 8 9 43

USA Non-
OP

31 44 39 16 7 8

Harkin and
Large (2017)8

III 2008-
2015

126 33 OP 30 23 64 49 14 17 26

Australia Non-
OP

96 77 16 8 3

Jawa et al
(2006)12

III 2000-
2004

40 50 OP 19 48 50 – – – –

USA Non-
OP

21 52 41 – – –

Klestil et al
(1997)13

III 1993-
1994

63 54 OP 27 43 45 48 10 5 –

Austria Non-
OP

36 57 44

Mahabier et al
(2013)14

III 2002-
2008

186 43 OP 95 51 61 14 17 22 –

The Netherlands Non-
OP

91 49 61 13 14 0

Matsunaga et al
(2017)15

I 2012-
2015

110 66 OP 58 53 37 (�15) 38 15 3 52

Brazil Non-
OP

52 47 40 (�17) 28 17 6

Middendorp et al
(2011)16

II 2000-
2004

47 51 OP 33 70 53 (�19) 11 3 0 52

Switzerland Non-
OP

14 30 51 (�24) 23 10 0

Osman et al
(1998)18

III 1994-
1997

104 58 OP 72 69 48 – – – 18

France Non-
OP

32 31 – – –

Ristic et al
(2011)21

III 2004-
2010

61 57 OP 39 64 29 13 14 12 52

Serbia Non-
OP

22 36 61 14 5 3

Wallny et al
(1997)25

III 1990-
1994

89 56 OP 45 51 56 – – – 27

Germany Non-
OP

44 49 59 – – –

Westrick et al
(2017)26

III 2000-
2012

296 63 OP 227 77 31 13 14 18 52

USA Non-
OP

69 23 42 17 16 22

LoE, level of evidence; OP, operative; Non-OP, nonoperative; SD, standard deviation.
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Table II Outcome measures

Study PROM Comparison Functional Comparison

Denard et al (2010)5 – – Elbow ROM No difference
Dielwart et al (2017)6 – – – –
Harkin and Large (2017)8 – – – –
Jawa et al (2006)12 – – Shoulder ROM

Elbow ROM
No difference
No difference

Klestil et al (1997)13 – – – –
Mahabier et al (2013)14 – – – –
Matsunaga et al (2017)15 DASH

SF-36
VAS

OP 6 point better after 6 mo
No difference
No difference

Constant score No difference

Middendorp et al (2011)16 VAS No difference Shoulder ROM
Elbow ROM

No difference
No difference

Osman et al (1998)18 – – Stewart & Hundley score No difference
Shoulder ROM
Elbow ROM

No difference
No difference

Ristic et al (2011)21 – – Constant score
Mayo elbow score

No difference
OP 17-31 point better

Wallny et al (1997)25 – – Shoulder ROM
Elbow ROM

OP 49% free mobility, non-OP 86%
No difference

Westrick et al (2017)26 – – – –

PROM, patient-reported outcome measure; DASH, Disabilities of the Arm, Shoulder and Hand score; SF-36, 36-Item Short Form; VAS, visual analog scale;

OP, operative; ROM, range of motion; Non-OP, nonoperative.
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Results

Study selection

The screening in Covidence resulted in 86 articles eligible
for full-text assessment. Twenty-seven predated 1990, 26
had the wrong study design, 16 were removed due to the
language exclusion criteria, and 5 were duplicates. Twelve
articles were included, of which 1 was an RCT, 1 was a
prospective cohort, and 10 were retrospective co-
horts.6,5,8,12-16,18,21,25,26 They were all included in the meta-
analysis (Fig. 1).
Study characteristics

The articles contained 1406 patients, of whom 835 received
operative treatment, whereas 571 were treated non-
operatively (Table I). The mean age ranged from 35 to 64,
and 54% of the patients were male. The results of nonunion
were reported in 10 articles, malunion in 5 articles, infec-
tion frequency in 9 articles of which 7 were defined as
deep, nerve damage in 11 articles, and mean time to union
in 5 articles. Only 2 articles had included PROM, whereas 7
had included functional outcome (Table II). There were no
differences in shoulder or elbow ROM, but otherwise, there
was no consistency in the use of functional scores for
comparison.
Risk of bias within studies

The studies were dominated by Level II and III evidence
cohort studies and were considered to be generally at
moderate risk of bias (Table III), whereas the RCT had a
low risk of bias across all domains (Table IV). In the cohort
studies, we inevitably found confounding biases as the
choice of procedure was based on the AO classification of
the fractures, the prefracture health status of patients, and
the preference of the surgeons. Also, no articles had strat-
ified their results based on age, gender, BMI, cause of
fracture, or other potentially confounding biases. However,
some articles advocated that there was no significant dif-
ference between the demographic groups.5,15 Most articles
had extensive explanations of their selection of participants
and method of analysis. The degree of deviation from
intended intervention and missing data was relatively low.

Results of individual studies

All articles reported a higher nonunion frequency in the
nonoperative group12 except 1, which reported no incidents
in either the operative or nonoperative group (Table V).
Higher malunion frequencies were reported in nonoperative
groups in all studies except for 1.12 Frequencies of infection
and nerve damage were generally low, ranging around 5%
in both groups. Denard et al5 reported both infection and
nerve damage in the nonoperative group because some
open fractures were treated nonoperatively. Four articles



Table III Assessment of risk of bias using the risk of bias in nonrandomized studies of interventions-I

Study 1. Confounding 2. Selection of
participants

3. Intervention
classification

4. Deviations
from intent

5. Missing
data

6. Outcome
measurement

7. Selection of
results

Denard et al (2010)5 Serious Moderate Moderate Low Low Low Moderate
Dielwart et al (2017)6 Moderate Serious Moderate Low Low Low Moderate
Harkin and Large (2017)8 Serious Serious Low Low Low Moderate Moderate
Jawa et al (2006)12 Serious Moderate Moderate Low Moderate Low Moderate
Klestil et al (1997)13 Moderate Low Low Low Moderate Moderate Moderate
Mahabier et al (2013)14 Serious Low Moderate Low Low Moderate Moderate
Middendorp et al (2011)16 Moderate Low Moderate Low Moderate Low Moderate
Osman et al (1998)18 Moderate Low Moderate Low Moderate Moderate Moderate
Ristic et al (2011)21 Serious Low Moderate Low Low Moderate Moderate
Wallny et al (1997)25 Serious Low Low Low Moderate Low Moderate
Westrick et al (2017)26 Serious Moderate Moderate Low Serious Moderate Moderate

Table IV Assessment of risk of bias using RoB 2.0

Study 1. Randomization
process

2. Deviations from the
intended interventions

3. Missing
outcome data

4. Measurement
of the outcome

5. Selection of
the reported result

Matsunaga et al (2017)15 Low Low/some concern Low Low Low
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reported longer healing periods in the operatively treated
group and 1 article in the nonoperative group. There was
only 1 study that included the results of a PROM ques-
tionnaire.15 Therein, no difference was found. The only
clinically relevant item was the ROM, which was not
different in the other studies (Table II).

Synthesis of results

Nonunion
Ten studies reported on nonunion, and all were included in
the meta-analysis. In the operative group (n ¼ 751), 61
fractures developed nonunion vs. 84 fractures in the
nonoperative group (n ¼ 505), resulting in a number
needed to treat of 12 patients. The meta-analysis (Fig. 2)
showed a significant lower occurrence of nonunion in the
operative group with an RR of 0.49 (95% confidence in-
terval [CI]: 0.35-0.67, P ¼ .0001) with no significant het-
erogeneity (c2: 10.13; P ¼.26; I2: 21%).

Malunion
Five studies reported on malunion, and all were included in
the meta-analysis. There were 14 cases in the operative
group (n ¼ 226) and 26 cases in the nonoperative group (n
¼ 203). Meta-analysis (Fig. 3) showed no significant dif-
ference between the operative and nonoperative groups
with an RR of 0.52 (95% CI: 0.15-1.80, P ¼ .31). The
heterogeneity measured by I2 was reported as moderate
(53%) and might be related to the results of the study by
Jawa et al.12 However, the c2 test results in a nonsignificant
P value (P ¼ .07), and, therefore, the heterogeneity was not
considered significant (c2: 8.52; P ¼ .07; I2: 53%).
Infection
Nine studies reported on infection, and all were included in
the meta-analysis. In the operative group, 22 cases (n ¼
599) developed an infection, compared with 2 in the
nonoperative group (n ¼ 330) both of which were open
fractures caused by low-energy gunshot wounds.5 Meta-
analysis (Fig. 4) showed a statistically significant lower
occurrence of infection in the nonoperative group with an
RR of 2.76 (95% CI: 1.01-7.53) with no significant het-
erogeneity (c2: 1.18; P ¼ .95; I2: 0%).

The weight of the individual studies was reported as
high as 50.7% for Denard et al,5 and therefore, we excluded
this trial to clarify whether this had any influence on the
calculations of the meta-analysis. Again, the findings were
statistically significant, resulting in an RR of 3.42 (95% CI:
1.08-10.88; P ¼ .05).

Nerve damage
Eleven studies reported on nerve damage, and all were
included in the meta-analysis. Nerve damage occurred in
32 patients after surgery, whereas only 8 suffered from
nerve damage in the nonoperative group. The meta-analysis
(Fig. 5) showed no statistically significant difference be-
tween the 2 groups with an RR of 2.69 (95% CI: 0.92-7.87).
Moderate heterogeneity was seen (c2: 16.83; P ¼ .05;
I2: 47%).
Discussion

Our meta-analysis shows a significantly lower occurrence
of nonunions in operatively treated humeral shaft fractures.



Table V Treatment, fracture union, and complications

Study Treatment Nonunion Malunion Infection Nerve damage Mean time
to union (weeks)

n (%) n (%) n (%) n (%)

Denard et al (2010)5 OP Plate 13 (9) 2 (1) 7 (5) 4 (3) 19.7
Non-OP Brace, sling 13 (21) 8 (13) 2 (3) 6 (10) 19.1

Dielwart et al (2017)6 OP Plate, IMN 2 (5) 0 (0) 1 (3) 2 (5) 17
Non-OP Brace, sling 2 (7) 4 (13) 0 (0) 0 (0) 15

Harkin and Large (2017)8 OP Plate, IMN 1 (4) – – 3 (10) 15
Non-OP Brace, sling 22 (27) – – 0 (0) 14.4

Jawa et al (2006)12 OP Plate 0 (0) 3 (16) 1 (5) 3 (16) –
Non-OP Brace 0 (0) 0 (0) 0 (0) 0 (0) –

Klestil et al (1997)13 OP Plate, IMN 1 (4) 9 (33) 2 (8) 1 (4) –
Non-OP Brace 3 (8) 13 (36) 0 (0) 0 (0) –

Mahabier et al (2013)14 OP Plate, IMN, EF, wire 18* (19) – – 4 (4) 15.5
Non-OP Brace 18* (20) – – 0 (0) 13.5

Matsunaga et al (2017)15 OP Plate (bridging) 0 (0) 0 (0) 0 (0) 2 (4) –
Non-OP Brace 8 (15) 1 (2) 0 (0) 0 (0) –

Middendorp et al (2011)16 OP IMN (retrograde) 1 (3) – 0 (0) 0 (0) –
Non-OP Brace 3 (21) – 0 (0) 0 (0) –

Osman et al (1998)18 OP Plate, IMN, wire 3 (4) – 0 (0) 5 (6) 7.4
Non-OP Brace 2 (6) – 0 (0) 5 (6) 8

Ristic et al (2011)21 OP Plate, IMN, EF – – – – –
Non-OP Hanging cast – – – – –

Wallny et al (1997)25 OP IMN – – 1 (2) 1 (2) –
Non-OP Sling (Gilcrest) – – 0 (0) 0 (0) –

Westrick et al (2017)26 OP Plate, IMN, EF 22 (10) – 8 (4) 5 (2) –
Non-OP Brace 16 (23) – 0 (0) 0 (0) –

OP, operative; Non-OP, nonoperative; IMN, intramedullary nail; EF, external fixation; Nerve damage, postoperative/treatment.
* Defined in the study as delayed union.

Figure 2 Comparison of nonunion between the operation and cast group of humeral shaft fractures. CI, confidence interval; M-H,
Mantel-Haenszel.
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Nonunions occurred in 0%-27% of the nonoperatively
treated patients compared with 0%-19% of the operative
group. Mahabier et al14 report the highest frequency of
operative nonunion with 19% after 24 weeks. Unfortu-
nately, the authors do not describe any reason for this high
occurrence, nor whether any patients subsequently gained
union or were reoperated within 1 year. When looking at
the remaining studies, the highest frequency of nonunions
after operative stabilization is 10%. The variations between
the reported nonunion frequencies could be attributed to
elements not explained in detail by the authors, such as
compliance or follow-up procedures. Not surprisingly, deep



Figure 3 Comparison of malunion between the operation and cast group of humeral shaft fractures. CI, confidence interval; M-H,
Mantel-Haenszel.

Figure 4 Comparison of infection between the operation and cast group of humeral shaft fractures. CI, confidence interval;M-H, Mantel-
Haenszel.
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infections occurred more often in the operative group. No
significant results related to the occurrence of malunions or
nerve damages were found.

To lower the risk of nonunion in nonoperatively treated
patients, Driesman et al7 described in 2017 a method for
early prediction of nonunion. By performing a simple ex-
amination for gross motion at the fracture site 6 weeks after
treatment, they could identify who would develop a fracture
nonunion with a high sensitivity and specificity. This could
provide an early indicator of how the fracture is healing and
a tool in the shared decision-making of the ongoing fracture
treatment.

A meta-analysis on PROMs was not performed because
only 2 studies included PROMs. Middendorp et al16

showed a considerable significance of operative treatment
after 6 weeks in the Constant score combining ROM and
strength, and they were able to demonstrate that operatively
treated patients were reintroduced to their work earlier
compared with nonoperatively treated patients. This would
be an expected finding if we compare humeral shaft frac-
tures with the literature of clavicle fractures where there is
a faster recovery in the operative group, as seen in 2 RCTs
evaluating clavicle fractures.1,20 However, the RCT on hu-
meral shaft fractures15 reported no significant difference
between the operative and nonoperative group regarding
any domains of the 36-Item Short Form questionnaire,
Constant-Murley, or visual analog scale pain score. One
possible explanation is that their postoperative rehabilita-
tion protocol stated that both groups were not allowed any
rotation or ROM higher than 90� during the first 6 weeks.
The potential advantages from operative treatment might,
therefore, be lost, as the 2 groups receive the same post-
operative rehabilitation. Future studies should not only
include PROMs but also allow early mobilization after
surgery when compared with nonoperative treatment.

Limitations

There are several limitations in this study. All except 2 of
the included studies are retrospective cohorts with moderate
and severe risk of bias, rendering our results unable to
obtain the highest value of validity. Cohort studies inevi-
tably have a risk of selection bias because the participants
and the treatment personnel were not blinded. We were able
to find only 1 RCT study comparing operative and
nonoperative treatment.

A confounding factor is the patients lost to follow-up. In
all, 313 patients were lost to follow-up across all studies.



Figure 5 Comparison of nerve damage between the operation and cast group of humeral shaft fractures. CI, confidence interval; M-H,
Mantel-Haenszel.
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Westrick et al26 described a potential skewing of data
toward elderly patients sustaining low-energy trauma as the
patients lost were likely younger.

A meta-analysis could not be performed on PROM or
ROM, as the included studies had different ways of
reporting it. These measurements are important and would
have provided interesting results as they report the patients’
physical function and ability to regain normal motion and
strength after treatment. For future studies, measurements
such as time and capacity to return to normal physical
function would create a more holistic measurement.
Conclusion
This systematic review and meta-analysis report fewer
nonunions but more deep infections in the operative
group compared with the nonoperative group when
evaluating the treatment of humeral shaft fractures.
Generally, there was moderate bias across studies.
Because of the lack of studies reporting PROMs, the
potential positive effect of operative therapy in early
aftercare could not be evaluated. Therefore, PROMs
should be mandatory in future comparative studies.
Disclaimer
The authors, their immediate families, and any research
foundations with which they are affiliated have not
received any financial payments or other benefits from
any commercial entity related to the subject of this
article.
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