European Journal of Trauma and Emergency Surgery (2022) 48:3265-3277
https://doi.org/10.1007/500068-022-01890-6

ORIGINAL ARTICLE q

Check for
updates

Functional and clinical outcome after operative versus nonoperative
treatment of a humeral shaft fracture (HUMMER): results
of a multicenter prospective cohort study

Dennis Den Hartog' - Saskia H. Van Bergen' - Kiran C. Mahabier' - Michael H. J. Verhofstad' -
Esther M. M. Van Lieshout'® on behalf of the HUMMER Investigators

Received: 27 September 2021 / Accepted: 21 January 2022 / Published online: 9 February 2022
© The Author(s) 2022

Abstract

Purpose The best treatment of humeral shaft fractures in adults is still under debate. This study aimed to compare functional
and clinical outcome of operative versus nonoperative treatment in adult patients with a humeral shaft fracture. We hypoth-
esized that operative treatment would result in earlier functional recovery.

Methods From October 23, 2012 to October 03, 2018, adults with a humeral shaft fracture AO type 12A or 12B were enrolled
in a prospective cohort study in 29 hospitals. Patients were treated operatively or nonoperatively. Outcome measures were the
Disabilities of the Arm, Shoulder, and Hand score (DASH; primary outcome), Constant—-Murley score, pain (Visual Analog
Score, VAS), health-related quality of life (Short Form-36 (SF-36) and EuroQoL-5D-3L (EQ-5D)), activity resumption
(Numeric Rating Scale, NRS), range of motion (ROM) of the shoulder and elbow joint, radiologic healing, and complications.
Patients were followed for one year. Repeated measure analysis was done with correction for age, gender, and fracture type.
Results Of the 390 included patients, 245 underwent osteosynthesis and 145 were primarily treated nonoperatively. Patients
in the operative group were younger (median 53 versus 62 years; p <0.001) and less frequently female (54.3% versus 64.8%:;
p=0.044). Superior results in favor of the operative group were noted until six months follow-up for the DASH, Constant—
Murley, abduction, anteflexion, and external rotation of the shoulder, and flexion and extension of the elbow. The EQ-US,
and pronation and supination showed superior results for the operative group until six weeks follow-up. Malalignment
occurred only in the nonoperative group (N=14; 9.7%). In 19 patients with implant-related complications (N=26; 10.6%)
the implant was exchanged or removed. Nonunion occurred more often in the nonoperative group (26.3% versus 10.10% in
the operative group; p <0.001).

Conclusion Primary osteosynthesis of a humeral shaft fracture (AO type 12A and 12B) in adults is safe and superior to
nonoperative treatment, and should therefore be the treatment of choice. It is associated with a more than twofold reduced
risk of nonunion, earlier functional recovery and a better range of motion of the shoulder and elbow joint than nonoperative
treatment. Even after including the implant-related complications, the overall rate of complications as well as secondary
surgical interventions was highest in the nonoperative group.

Trial registration NTR3617 (registration date 18-SEP-2012).
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Background

The members of the HUMMER Investigators are listed in

. Humeral shaft fractures account for 1-3% of all fractures [1].
acknowledgements section.

The incidence rate is 14.5 per 100,000 persons per year with

D4 Esther M. M. Van Lieshout a gradually increasing age-specific incidence from the fifth
e.vanlieshout@erasmusmc.nl decade, reaching almost 60/100,000 per year in the ninth
| ) decade [1].
Trauma Research Unit, Department of Surgery, Erasmus . f ¢
MC, University Medical Center Rotterdam, P.O. Box 2040, Last decade, the optlmal treatment for humeral shaft
3000 CA Rotterdam, The Netherlands fractures was subject to debate. A recent meta-analysis
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shows that satisfactory results can be achieved with both
nonoperative and operative management [2]. The meta-
analysis of data from randomized controlled trials (RCTs)
in their review showed no statistically significant dif-
ferences in favor of either one of the treatment options.
Operative and nonoperative treatment each have their
individual advantages and disadvantages. Surgical treat-
ment is mostly performed using intramedullary nailing
or plating, and the mostly used nonoperative treatment is
immobilization with a functional (Sarmiento) brace or a
cast [3]. Fracture fixation allows for early mobilization,
and is aimed to achieve earlier functional recovery. A dis-
advantage is the risk of surgical complications [4]. Non-
operative treatment is aimed to achieve secondary bone
healing by temporary immobilization of the arm. This
initially results in functional impairment and may delay
functional recovery. Moreover, the indirect fracture sta-
bilization and risk of inadequate fracture alignment may
increase the risk of malunion and nonunion [5, 6]. Non-
union occurs in up to 10% of patients treated operatively
and in up to 23% of patients treated nonoperatively [2, 5,
6]. A complication that may occur after a humeral shaft
fracture is radial nerve palsy. A systematic review reported
an average radial nerve palsy rate at presentation of 11.8%
in 4517 patients [7]. The reported rate of radial nerve palsy
due to surgery was 3.5% [2].

The finding that the rate of surgical treatment was approx-
imately 50% across all AO fracture subtypes indicates that
consensus on the best treatment strategy for humeral shaft
fractures was lacking at the time the study was designed
[8]. Lack of confirmative evidence about the best treatment
strategy was also concluded in a Cochrane review [9]. A
survey among members of the British Elbow and Shoulder
Society in 2021 concluded that the management preference
for humeral shaft fractures among surgeons is highly vari-
able, and that this may be partly attributed to the sparsity
of high-quality evidence. They proposed that well-designed
prospective cohort studies or randomized trials may guide
further management of these injuries [10]. The current
study was designed to provide such high-quality evidence.
We hypothesized that operative treatment would result in
earlier functional recovery.

The primary objective of this study was to examine the
effect of operative versus nonoperative treatment on the Dis-
abilities of the Arm, Shoulder, and Hand (DASH) score,
reflecting functional outcome and pain of the upper extrem-
ity, in adult patients who sustained a humeral shaft fracture.
Secondary aims were to examine the effect of treatment on
functional outcome (Constant—-Murley) score, level of pain,
range of motion of the shoulder and elbow joint, occurrence
of complications with associated interventions, health-
related quality of life, and the time to resumption of work
and activities of daily living in these patients.
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Methods
Setting and participants

The HUMMER study was a multicenter, parallel group
cohort study, conducted in 29 hospitals in The Netherlands.
All persons aged 18 years or older presenting to the Emer-
gency Department (ED) with a humeral shaft fracture (AO
type 12A or 12B on plain radiographs) were eligible for
inclusion [11]. Primary osteosynthesis had to be performed
within 14 days after presentation to the ED. Patients were
excluded if they had (1) concomitant injuries affecting treat-
ment and rehabilitation of the affected arm; (2) a humeral
fracture treated with an external fixator; (3) a pathologi-
cal, recurrent, or open humeral shaft fracture; (4) neuro-
vascular injuries requiring immediate surgery (excluding
radial nerve palsy); (5) additional traumatic injuries of the
affected arm that would influence upper extremity func-
tion; (6) an impaired upper extremity function prior to the
injury; (7) retained hardware around the affected humerus;
(8) rheumatoid arthritis; or (9) a bone disorder which would
impair bone healing (excluding osteoporosis). Patients with
expected problems in maintaining follow-up or with insuffi-
cient Dutch language proficiency were also excluded. Exclu-
sion of a patient because of enrollment in another drug or
surgical intervention trial was left to the discretion of the
attending surgeon on a case-by-case basis. The study was
exempted by the Medical Research Ethics Committees and
Local Ethics Boards of all participating centers. The study
protocol is available online [12].

Treatment allocation and masking

Eligible patients were informed about the study after pres-
entation to the ED and could be enrolled until their first
outpatient department visit 14 days after trauma. Patients
were treated operatively or nonoperatively, as per decision of
the patient and treating surgeon. All surgeons were certified
(orthopedic) trauma surgeons with extensive experience in
fracture care. Plaster casts or braces were applied by expe-
rienced orthopedic or plaster technicians.

Masking participants or investigators for treatment was
not possible. To reduce bias, the follow-up measurements
were standardized. Radiographs were evaluated indepen-
dently by two assessors (IB and DDH). In case of disagree-
ment, consensus was reached after discussion.

Intervention

If a surgeon decided to perform osteosynthesis, the approach
for fracture reduction (open or closed), fixation (antegrade
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or retrograde nailing, or open or minimally invasive plate
osteosynthesis), the type and brand of the materials as well
as the use of cerclage wires and other add-ons were left to
the surgeon. Critical elements of this treatment (e.g., type
of implant, surgical approach, operative delay, and duration
of surgery) were recorded.

The type of nonoperative treatment was also left to the
attending surgeon. Usually it consisted of a splint, collar and
cuff or (hanging) cast for 1-2 weeks, followed by a Sarm-
iento brace for 4-6 weeks. Critical elements of this treatment
were also recorded.

Due to a lack of evidence favoring a particular approach,
the physical therapy and rehabilitation program was recorded
but not standardized.

Assessments and follow-up

Follow-up data were obtained during outpatient visits at
two weeks (7-21 days window), six weeks (4-8 weeks
window), three months (11-15 weeks window), six months
(6-7 months window), and 12 months (12—14 months win-
dow) after start of treatment. At each visit, the investigators
recorded clinical data from the patient files (e.g., complica-
tions and treatment) and measured the range of motion of
the shoulder and elbow. At each visit, patients were asked
to complete a set questionnaires on their level of pain, func-
tional recovery, activity resumption, and health-related qual-
ity of life (HR-QoL). From six weeks onwards, the investi-
gators determined the Constant—Murley score. As part of
routine care, anterior—posterior and lateral radiographs of
the humerus were made at the time of hospital presentation,
after reduction, and at each subsequent hospital visit.

The primary outcome measure was the Disabilities of the
Arm, Shoulder and Hand (DASH) score [13, 14]. Secondary
outcome measures were the Constant—Murley score [15],
level of pain (Visual Analog Scale, VAS), analgesic drugs
used, Range of Motion (ROM) of the shoulder and elbow
joint, time to resumption of work, resumption of activities
of daily living (Numeric Rating Scale, NRS), health-related
quality of life (Short Form-36 Physical Component Sum-
mary (SF-36 PCS) and Mental Component Summary (SF-36
MCS), and EuroQoL-5D-L Utility Score (EQ-5D US) and
Visual Analog Scale (EQ-5D VAS)) [16-18], the occurrence
of complications with associated secondary interventions,
and radiologic healing. Nonunion is defined as a failure
to heal at 26 weeks post fracture with no progress toward
healing seen on the most recent radiographs [19]. This was
determined from radiographs by two experienced trauma
surgeons independently. ROM was measured by trained
research physicians or research assistants using a goniometer
and a standardized protocol. The patient-reported outcome
measures were all available in Dutch and were proven reli-
able, valid, and responsive in the studied population [20, 21].

A detailed description of these questionnaires can be found
in the published study protocol [12].

At baseline, patient characteristics, such as age, gender,
American Society of Anesthesiologists' (ASA) classification,
smoking, comorbidities, dominant side, medication use, and
work and sports participation pre-trauma, were collected.
Also, injury-related variables (such as the affected side,
mechanism of injury, and fracture classification (according
to the AO classification system) [11], and additional inju-
ries) were recorded.

Statistical analysis

Sample size calculation for the primary analysis was based
on the assumption that the mean DASH in the nonopera-
tive group would be 16, with a Standard Deviation (SD) of
16 [22]. We expected a DASH score of 10 (SD 10) in the
operative group at three months [22]. A two-sided test with
an a level of 0.05 and a f level of 0.2 required 78 patients in
both treatment groups. To account for loss of patients due
to mortality (10%) and loss to follow-up (10% anticipated
based upon previous studies by the research team), a sample
size of 95 patients per group would suffice. To allow for sub-
group analysis for the most common AO fracture subtypes,
400 patients were targeted. This was based on the relative
occurrences of the AO fracture subtypes as found in a ret-
rospective study [8].

Analyses were performed using the Statistical Package
for the Social Sciences (SPSS) version 25. Analysis was
by intention to treat and all statistical tests were two-sided.
The study is registered at the Netherlands Trial Register
(NTR3617). Missing data were not imputed. Normality of
continuous data was assessed using the Shapiro—Wilk test,
and homogeneity of variances across groups was tested with
the Levene’s test. Chi-squared analysis was used for statisti-
cal testing of categorical data. Continuous data were ana-
lyzed using a Mann—Whitney U test. P values < 0.05 were
regarded as statistically significant.

Continuous outcomes that were repeatedly measured over
time were compared between treatment groups using linear
mixed-effects regression models. These multilevel models
included random effects for the intercepts of the model and
time coefficient of individual patients. Since the outcome
measures were not linearly related with time, the time points
were entered as factor. The models included fixed effects
for treatment group, age, gender, and the individual fracture
types. The effect of a fracture at the dominant side, smok-
ing, and radial nerve palsy at trauma was non-significant in
all models and these covariates were therefore not included.
As most participating hospitals used both treatment strat-
egies, study site was also not included in the model. The
interaction between treatment group and time was included
in the model to test for differences between the groups over
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time. For each follow-up moment, the estimated marginal
mean was computed per treatment group and compared post
hoc using a Bonferroni test to correct for multiple testing.
Absence of overlap in the 95% confidence interval around
the marginal means was regarded as significant at p <0.05.

Results
Patient and injury characteristics

Between October 23, 2012 and October 03, 2018, 466
patients were screened for eligibility, of whom 390 were
included. Main exclusion reasons were an impaired
arm function before trauma (N =9), expected problems
with follow-up (N=7), and rheumatoid arthritis (N =7).
Twenty patients declined to participate, and 23 were
screened too late and were thus recorded as missed. Of the
included patients, 245 were operated and 145 underwent

Fig.1 Flow chart of the study [ Enroll t ]
nrolimen

nonoperative treatment (Fig. 1). All patients received the
allocated treatment. Twenty patients were lost to follow-up
due to mortality (N =4) or withdrawal of consent (nine in
the operative group and seven in the nonoperative group).
Thirty-five in the operative group and 20 patients in the
nonoperative group did not show up at least one follow-up
visit (Fig. 1).

The two treatment groups had similar baseline and
injury characteristics, except for a relative underrepresen-
tation of females (N=133 (54.3%) versus N=94 (64.8%);
p=0.044) and patients with osteoporosis or osteopenia
(N=1 (0.4%) versus N=5 (3.4%); p=0.028), and a
lower median age (53 (P,5—P;5 35-66) versus 62 (Py5—P5
49-71) years; p <0.001) in the operative group (Table 1).
Fractures in the operative group were less often A1 (N=57
(23.3%) versus N=51 (35.2%)) or Bl (N=51 (20.8%) ver-
sus N=42 (29.0%)), and more often A3 (N=71 (29.0%)
versus N=18 (12.4%); p=0.002).

Assessed for eligibility (n=466)

Excluded (n=76)

+ Impaired arm function pretrauma (n=9)

+ Expected problems with follow-up (n=7)

+ Rheumatoid arthritis (n=7)

+ Additional injury of the affected arm,
affecting functional recovery (n=4)

»| ¢ Additional injury, affecting treatment
decision or rehabilitation (n=3)

+ Insufficient Dutch language proficiency
(n=2)

+ Pathologic fracture (n=1)

Missed for inclusion (n=23)

+ Declined to participate (n=20)

>

Informed consent (n=390)

l

\4

Allocated to operative treatment (n=245)
+ Received allocated intervention (n=245)

[ Allocation ] v

Allocated to nonoperative treatment (n=145)
+ Received allocated intervention (n=145)

A 4

[ Follow-Up ] v

Lost to follow-up (n=12)
2 Died at 6 months
1 Died at 12 months

Missed follow-up (n=35)
3 Missed FU at 2 weeks

2 Withdrew consent at 6 weeks
4 Withdrew consent at 3 months
3 Withdrew consent at 6 months

10 Missed FU at 6 weeks
14 Missed FU at 3 months
22 Missed FU at 6 months
15 Missed FU at 12 months

Lost to follow-up (n=8)
1 Died at 6 months
2 Withdrew consent at 6 weeks
2 Withdrew consent at 3 months
3 Withdrew consent at 6 months

Missed follow-up (n=20)
2 Missed FU at 2 weeks
5 Missed FU at 6 weeks
6 Missed FU at 3 months
6 Missed FU at 6 months
11 Missed FU at 12 months

[ Analysis ] v

Analyzed (n=245)

Analyzed (n=145)
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Table 1 Patient, injury, treatment, and admission details of study participants by treatment group

N* All (N=390) N* Operative (N=245)  N* Nonoperative (N=145) P value
Patient characteristics
Female 390 227 (58.2%) 245 133 (54.3%) 145 94 (64.8%) 0.044
Age (year) 390 57 (40-68) 245 53 (35-66) 145 62 (49-71) <0.001
BMI (kg/m?) 387  26.0(23.4-29.7) 244  26.1(23.4-29.9) 143 25.8 (23.4-29.6) 0.928
Smoking 390 81 (20.8%) 245 55(22.4%) 145 26 (17.9%) 0.304
ASA3or4 390 25 (6.4%) 245 13 (5.3%) 145 12 (8.3%) 0.286
Comorbidities
Any 390 198 (50.8%) 245 115 (46.9%) 145 83 (57.2%) 0.059
Diabetes 390 30 (7.7%) 245 18 (7.3%) 145 12 (8.3%) 0.844
Osteoarthritis 390 32 (8.2%) 245 15(6.1%) 145 17 (11.7%) 0.058
Osteoporosis or osteopenia 390 6(1.5%) 245 1(0.4%) 145  5(3.4%) 0.028
Medication use 390 208 (53.3%) 245 127 (51.8%) 145 81 (55.9%) 0.463
Number of medications 208 3 (1-5) 127 214 81 3(1-5) 0.225
Injury characteristics
Dominant side affected 390 189 (48.5%) 245 116 (47.3%) 145 73 (50.3%) 0.601
Fracture classification
Al 390 108 (27.7%) 245 57 (23.3%) 145 51 (352%) 0.002
A2 66 (16.9%) 43 (17.6%) 23 (15.9%)
A3 89 (22.8%) 71 (29.0%) 18 (12.4%)
B1 93 (23.8%) 51 (20.8%) 42 (29.0%)
B2 15 (3.8%) 10 (4.1%) 5 (3.4%)
B3 19 (4.9%) 13 (5.3%) 6 (4.1%)
Radial nerve palsy at presentation 390 16 (4.1%) 245 13 (5.3%) 145 3(2.1%) 0.185
Additional injuries 390 37 (9.5%) 245 26 (10.6%) 145 11 (7.6%) 0.374
Ipsilateral arm 390 7(1.8%) 245 6 (2.4%) 145  1(0.7%) 0.266
Contralateral arm 390 5(1.3%) 245 4 (1.6%) 145  1(0.7%) 0.655
Admission and follow-up characteristics
Hospital
Admission 390 271 (69.5%) 245 245 (100.0%) 145 26 (17.9%) <0.001
LOS (days) 271 2(2-4) 245 224 26 2 (2-3) 0.830
Discharge disposition
Home 271 258 (95.2%) 245 235(95.9%) 26 23 (88.5%) 0.093
Care hotel 8 (3.0%) 6 (2.4%) 2 (7.7%)
Elderly care facility 2 (0.7%) 1(0.4%) 1(3.8%)
Rehabilitation center 3(1.1%) 3(1.2%) 0 (0.0%)
Other care facility admission 390 13 (3.3%) 245 8 (3.3%) 145 5(3.4%) 1.000
Nursing home, LOS (days) 1 30 (30-30) 1 30 (30-30) 0 N.A N.A
Care hotel, LOS (days) 7 10 (5-30) 4 8 (5-25) 3 21 (3-21) 0.721
Elderly care facility, LOS (days) 4 35 (23-84) 1 21 (21-21) 3 42 (28-42) 0.180
Rehabilitation clinic, LOS (days) 3 25 (24-25) 3 25 (24-25) 0 N.A N.A
Physical therapy (number of sessions) 337 24 (12-45) 217  25(13-48) 120 22 (12-42) 0.307

P-values <0.05 are shown in boldface
Data are presented as N (%) or median (Py5—P-5)
ASA American Society of Anesthesiologists' classification, BMI body mass index, LOS length of stay

*N represents the number of patients for whom data were available per follow-up moment

Treatment details and hospital admission surgeons performing only one operation, and seven surgeons
performing between five and 13 operations. Surgery was

Osteosynthesis was performed by 121 surgeons, with 74  performed after a median of 6 (P,s—P;5 2-9) days, with a
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median duration of surgery of 81 (P,5s—P;5 65—112) minutes.
Intramedullary nailing was used in most patients (N=169;
69.0%). In 158 (93.5%) of them, an antegrade nail was used.
Seventy-six (31.0%) patients were treated using plate fixa-
tion. After a median stay of 2 (P,5—P;5 2—4) days, the vast
majority of operated patients (N=235; 95.6%) were dis-
charged home.

Fracture immobilization in the nonoperative group was
performed using a brace (N=68; 46.9%) or cast (N=21;
14.5%). In 56 (38.6%), only a sling or collar and cuff were
used. Twenty-six (17.9%) patients required hospital admis-
sion (Table 1). After a median stay of 2 (P,s—P5 2-3) days,
most patients (N=23; 88.5%) were discharged home. Hos-
pital stay and subsequent stay in a nursing home, care hotel,
elderly care facility, or rehabilitation center did not differ
significantly between the two treatment groups. Likewise,
patient in both groups had a similar number of physical
therapy sessions; 217 (88.6%) and 120 (82.8%) patients in
the operative and nonoperative group had physical therapy,
respectively.

Patient-reported functional outcome, pain,
and activity resumption

The DASH (primary outcome measure), Constant—Mur-
ley, pain scores, and ability to perform daily activities
improved over time in both the operative and nonoperative
group (Fig. 2). Table 2 shows the results of the multilevel
model, i.e., the statistical significance of treatment effect
and the estimated marginal means at three months; at that
time a difference between the groups was expected. Sup-
plemental Table S1 shows the original, unadjusted values
(median, P,s—P;s, and univariate p-value) as well as the
adjusted values (estimated marginal means with 95% CI)
for all follow-up visits. The mean DASH score diminished
from 48.2 points at two weeks to 11.0 points at 12 months in
the operative group, and from 56.9 to 8.8 points in the non-
operative group (Fig. 2A). Patients in the operative group
reported statistically significantly lower levels of disability
until three months follow-up than patients in the nonopera-
tive group. The interaction between treatment and time was
also significant (i, eraction < 0-001); this reflects a difference
in recovery speed between the two groups and the overlap
in DASH values from three months onwards.

Similar as for the DASH, the Constant—-Murley score also
showed a significant treatment effect in favor of the operative
group (Pyeamment < 0-001). Patients in this group also recov-
ered faster (Piyeraction < 0-001; Fig. 2B and Table 2). Scores
for the affected side increased from 42 points at six weeks
to 72 points at 12 months in the operative group and from
25 to 74 points in the nonoperative group (Fig. 2B). Signifi-
cantly higher scores for the affected side were noted in the
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Fig.2 Changes in functional outcome scores, pain, and activity
resumption over time by treatment group. A Disabilities of the Arm,
Shoulder, and Hand (DASH) score, B Constant—-Murley score of the
affected arm, C pain (VAS, Visual Analog Scale) of the affected
side, D the extent to which patients resumed their activities at the
pre-trauma level (Numeric Rating Scale, NRS) over time. Higher
scores represent more disability (DASH), a better function (Constant-
Murley), more pain (VAS), and level of activity resumption (NRS,
Numeric Rating Scale). Data are shown as estimated marginal mean
with the corresponding 95% confidence interval, adjusted for age,
gender, and fracture type, as emerging from the multivariable analy-
sis. Blue lines represent the operative group; red lines represent the
nonoperative group. In panel C, the dashed lines represent the con-
tralateral side. *p <0.05 (Bonferroni test).

operative group at 6 weeks (42 versus 25 points) and three
months (54 versus 42), but not at later time points. The val-
ues at the contralateral side stayed consistently between 74
and 83 in both groups.

The course of pain was not significantly associated with
treatment (P eqimen: = 0-479; Fig. 2C). The total reduction in
pain level was, however, slightly more pronounced in the
nonoperative group (Piyeraction = 0-003). Patients reported no
pain at the contralateral side.

Patients in the operative group reported a better ability to
participate in activities like sports and hobbies at six weeks
(4.9 versus 4.0 in the nonoperative group) and three months
(6.7 versus 5.7), yet both groups reported 9.0 at 12 months.
This resulted in a significant interaction (i, eraction < 0-001),
but the overall treatment effect was non-significant (p;eament
= 0.056).

Health-related quality of life
Figure 3 shows changes in HR-QoL over time. The cor-

responding estimated marginal means at three months
and results of the multilevel models are shown in Table 2
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Table 2 Treatment effect over
time and outcome at three
months follow-up by treatment

group

Effect Outcome at three months follow-up
F (Pyeatment) F (Dinceraction) Operative (N=245) Nonoperative (N=145)
Patient-reported outcome measures
DASH 11.79 (0.001) 27.30 (<0.001) 22.3 (19.9-24.6) 29.6 (26.6-32.6)
Constant—Murley 19.45 (<0.001) 44.23 (<0.001) 54 (51-56) 42 (39-46)
Pain 0.50 (0.479) 3.98 (0.003) 2.7 (2.3-3.0) 2.4 (1.9-2.8)
Activity resumption  3.69 (0.056) 7.79 (<0.001) 6.7 (6.3-7.0) 5.7 (5.2-6.2)
HR-QoL
SF-36
PCS 0.49 (0.484) 7.36 (<0.001) 43 (42-44) 41 (40-43)
MCS 7.80 (0.005) 1.80 (0.126) 55 (54-57) 51 (49-53)
EQ-5D
Us 6.04 (0.014) 10.97 (<0.001) 0.77 (0.74-0.80) 0.72 (0.68-0.75)
VAS 0.96 (0.328) 1.73 (0.141) 76 (74-78) 74 (72-77)
Shoulder range of motion (°)
Abduction 4579 (<0.001) 43.01 (<0.001) 105 (99-110) 77 (70-84)
Anteflexion 67.27 (<0.001) 70.32 (<0.001) 111 (106-116) 81 (75-88)
External rotation 156.03 (<0.001) 81.58 (<0.001) 58 (54-61) 41 (36-45)
Internal rotation 0.32 (0.570) 0.64 (0.636) 58 (55-60) 57 (53-60)

Elbow range of motion (°)

Flexion 52.86 (<0.001) 21.11 (<0.001) 137 (135-139) 129 (126-132)
Extension deficit ~ 56.41 (<0.001)  27.60 (<0.001) —5(—7to—3) —11(—14to—8)
Pronation 42.88 (<0.001)  16.99 (<0.001) 84 (82-85) 81 (79-83)
Supination 28.64 (<0.001)  22.68 (<0.001) 82 (80-84) 78 (76-881)

Changes in recovery pattern were assessed in the multilevel model. Results are shown by the F value for
treatment and for the interaction term in the model (treatment * follow-up moment), with their correspond-
ing p value in parenthesis

DASH disabilities of the arm, shoulder, and hand, EQ-5D EuroQoL-5D, HR-QoL health-related quality of
life, MCS mental component summary, PCS physical component summary, SF-36 short form-36, US utility
score, VAS visual analog scale

Data of the outcome at three months are shown as the estimated marginal mean with 95% confidence inter-
val after three months follow-up adjusted for age, gender, and fracture type. If the intervals did not overlap,
this is indicated in bold face. The Constant—-Murley score, pain score, and ranges of motion of the shoulder
and arm are shown for the affected side. Bold face indicates that the 95% confidence interval of the two

treatment groups did not overlap (p <0.05, Bonferroni test)

and Supplemental Table S1. The SF-36 PCS improved at
similar speed over time in both groups, from 32 at two
weeks to 50 at 12 months in the nonoperative group and
from 33 to 49 in the operative group. From three months
onwards, it was within the normal range of 50 + 10 points.
The SF-36 MCS was consistently within the normal range
throughout the entire follow-up period, with the entire
curve of the operative group being just above that of the
nonoperative group (P earment = 0-005).

The EQ-5D US was significantly higher in the oper-
ative group at two and six weeks (0.56 and 0.69) than
in the nonoperative group (0.46 and 0.62) and showed
a significant treatment effect and interaction with time
(Preatment = 0-014 and p;eraction < 0.001). The EQ-VAS, on
the other hand, was unaffected by the type of treatment and

hardly improved over time (P catment = 0-328 and piyeraction
=0.141).

Range of motion

Changes in ROM of the shoulder are shown in Fig. 4,
Table 2, and Supplemental Table S1. Abduction, ante-
flexion, and external rotation of the shoulder all showed
a significant treatment effect and interaction with time
(Pireatment < 0.001 and p;craciion < 0.001). For all three
motions, the values were between 33 and 56° higher in
the operative group than in the nonoperative group. The
largest difference was seen for external rotation at two
weeks; 35° in the operative group versus — 21° in the
nonoperative group. The difference reduced over time

@ Springer



3272 D. Den Hartog et al.
A . B B
70 Nonoperative 70 A 180 180
Operative [ . - -
604 - » oo o~ 150{==*=7---" R T 150 == mmm oo oo oo -
[&] [S) ~ * P *
3 g lf——— g w § =i,
3 g 50 £ 9 3 90
L ! = = %
& 1L g 6o :2 60
< 39 Nonoperative < 30
30+ T T T T 0 Operative o
o 3 6 9 12 o 3 6 9 12 o 3 & 9 12
Time (months) Time (months) Time (months)
c 1.0 D 100 c D
s 904 — 90
* E o SRR T T Fl g
» 0.8 . g 80 PR T S 60-%* x g 75
2 o6 > 60 5 =
2 2 B 3
& o4 2 w I 309 g 45
w [ T 30
0.2 w5 £ o £
‘2 { 8 15
0.0+ T T T T 0 T T T T c
w . £
0 3 6 9 12 0 3 6 9 12 30 r T ' y 01 T T T y

Time (months) Time (months)

Fig.3 Changes in health-related quality of life over time by treatment
group. A Short Form-36 (SF-36) Physical Component Summary (SF-
36 PCS), B SF-36 Mental Component Summary (SF-36 MCS), C
EuroQoL-5D-3L (EQ-5D) utility score (EQ-5D US), and D EQ-5D
Visual Analog Scale (EQ-5D VAS) over time. Higher scores repre-
sent better quality of life. Data are shown as estimated marginal mean
with the corresponding 95% confidence interval, adjusted for age,
gender, and fracture type, as emerging from the multivariable analy-
sis. Blue lines represent the operative group; red lines represent the
nonoperative group. In panels A and B, the dashed lines represent the
mean + SD (50 + 10) that was used for normalizing the data. *p <0.05
(Bonferroni test)

but remained statistically significant until three months
follow-up. Treatment had no significant effect on internal
rotation (Pyearment = 0-571 and pieraction = 0-636).

Changes in ROM of the elbow are shown in Fig. 5,
Table 2 and Supplemental Table S1. All measured ranges
of motion of the elbow were statistically significantly better
for the operated patients than for the nonoperated patients
until six week follow-up (pronation and supination) or
three months follow-up (flexion and extension). All ranges
of motion of the elbow recovered to about the same val-
ues as the contralateral side and showed a significant treat-
ment effect and interaction with time (Pyeamen: <0.001 and
DPinteraction < 0.001).

Resumption of work and sports

Table 3 shows the patients’ participation and resumption of
work and sports. About half of the patients (N=198) had
a paid job prior to their injury. Paid work was significantly
more common in the operative group (N=136; 55.5%) than
in the nonoperative group (N=62; 42.8%; p=0.016). These
patients also worked more hours per week (38 versus 32;
p=0.016). The exertional level was similar in both groups.

@ Springer

o

3 6 9 12
Time (months)

o

3 6 9 12
Time (months)

Fig.4 Changes in range of motion of the shoulder over time by treat-
ment group. A Abduction, B anteflexion, C external rotation, and D
internal rotation of the shoulder over time. Higher scores represent
better range of motion (ROM). Data are shown as estimated marginal
mean with the corresponding 95% confidence interval, adjusted for
age, gender, and fracture type, as emerging from the multivariable
analysis. Blue lines represent the operative group; red lines represent
the nonoperative group. Dashed lines represent the contralateral side.
*p <0.05 (Bonferroni test)
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Fig.5 Changes in range of motion of the elbow over time by treat-
ment group. A Flexion, B extension, C pronation, and D supina-
tion of the elbow over time. Higher scores represent better range of
motion (ROM). Data are shown as estimated marginal mean with the
corresponding 95% confidence interval, adjusted for age, gender, and
fracture type, as emerging from the multivariable analysis. Blue lines
represent the operative group; red lines represent the nonoperative
group. *p <0.05 (Bonferroni test)
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Table 3 Work and sports participation pre-trauma and post-trauma resumption of study participants by treatment group
N* All (N=390) N* Operative (N=245) N* Nonoperative (N = 145) P value
Work
Paid work (N patients) 390 198 (50.8%) 245 136 (55.5%) 145 62 (42.8%) 0.016
Hours per week 194 36 (27-40) 134 38 (32-40) 60 32 (21-40) 0.016
Exertional level
Light, mainly sedentary 198 88 (44.4%) 136 64 (47 1%) 62 24 (38.7%) 0.304
Medium work 71 (35.9%) 49 (36.0%) 22 (35.5%)
Heavy or very heavy work 39 (19.7%) 23 (16.9%) 16 (25.8%)
Work absence 196 179 (91.3%) 134 123 (91.8%) 62 56 (90.3%) 0.787
Work days missed 196 30 (13-54) 134 26 (12-49) 62 33 (15-59) 0.253
Sports or hobby
Sports or hobby (N patients) 390 384 (98.5%) 245 242 (98.8%) 145 142 (97.9%) 0.675
Hours per week 378 17 (9-31) 240 16 (9-30) 138 19 (9-32) 0.115
Resumption at 12 months 241 340 (99.7%) 215 214 (99.5%) 126 126 (100.0%) 1.000

P-values <0.05 are shown in boldface

Data are presented as N (%) or median (Pys—P75)

*N represents the number of patients for whom data were available per follow-up moment.

Work absenteeism post-injury was reported by more than
90% of patients. Although the operative group resumed work
seven work days earlier (26 days versus 33 in the nonopera-
tive group), this did not reach statistical significance (p =
0.253).

Overall, 378 (98.5%) patients participated in sports or
hobbies pre-trauma, for a median of 17 h per week, all but
one patient resumed sports and hobbies during follow-up.
No significant differences were noted between the two treat-
ment groups.

Complications and secondary surgical interventions

Complications were more common in the nonoperative
group (N=>50; 34.5%) than in the operative group (N=58;
23.7%; p=0.026; Table 4). As a consequence, secondary
surgical interventions were also done more frequently in the
nonoperative group (N=37 (25.5%) versus N=20 (12.2%);
p=0.001). Malalignment occurred only in the nonoperative
group (N=14; 9.7%); 11 of these patients were operated.
In the operative group, implant-related complications were
most common (N=26; 10.6%). This included nail protru-
sion (N=13), screw protrusion (N=38), screw cutout (N =2),
inadequate implant size (N=1) or implant type (N=1), or
chronic pain (N=1). These complications resulted in implant
exchange or removal in three and 16 patients, respectively.
Five nonoperatively treated patients developed dispropor-
tionate pain, resulting in secondary osteosynthesis. Postop-
erative or persistent radial nerve palsy, which occurred in
nine (3.7%) patients of the operative group and three (2.1%)
patients of the nonoperative group, fully recovered in 86%

and 67% of patients, respectively (p =0.437). Nonunion
occurred significantly more often in the nonoperative group
(N=30; 26.3%) than in the operative group (N=19; 10.1%;
p<0.001). Twenty of these 30 and 10 of the 19 patients
underwent (revision) osteosynthesis within a year after
injury.

Discussion

Data from the current multicenter prospective study demon-
strate that adult patients with a closed humeral shaft fracture
AO type 12A or 12B treated operatively have a better out-
come until six months than patients treated nonoperatively
in terms of a lower DASH score, higher Constant—-Murley
score, improved shoulder and elbow ROM, and a higher
health-related quality of life (EQ-5D US). In addition, the
operated group had fewer complications and surgical re-
interventions. Given the multicenter design, the findings of
this study can be generalized and therefore will apply to all
different levels of trauma centers.

The statistically significant difference in DASH score in
the first six months after trauma of 8.8 points or more in
favor of the operative group is in line with previous RCTs
which show a mean difference of 18.0 and 6.0 points at six
months [23, 24]. In addition, the FISH trial also shows supe-
rior DASH scores until six month follow-up [25]. The dif-
ferences are larger than the minimally important change for
the DASH (6.7 points) in the study population, confirming
that our findings are statistically as well as clinically sig-
nificant [20]. Quick-DASH correlates highly with function
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Table 4 Complications and associated secondary surgical intervention by treatment group

N* All (N=390) N* Operative (N=245) N* Nonoperative P value
(N=145)

Any complication 390 108 (27.7%) 245 58 (23.7%) 145 50 (34.5%) 0.026
Any surgical re-intervention 390 67 (17.2%) 245 30 (12.2%) 145 37 (25.5%) 0.001
Malalignment 390 14 (3.6%) 245 0 (0.0%) 145 14 (9.7%) <0.001
Osteosynthesis 11 N.A. 11 N.A.
Cuff pathology 390 3(0.8%) 245 3(1.2%) 145 0 (0.0%) 0.298
Superficial infection 390 6 (1.5%) 245 5(2.0%) 145 1(0.7%) 0.419
Deep infection 390 1(0.3%) 245 1(0.4%) 145 0 (0.0%) 1.000
Drainage and implant removal 1 1 N.A. N.A.

Implant-related complication 390 26 (6.7%) 245 26 (10.6%) 145 0 (0.0%) <0.001

Nail protrusion 13 13 N.A.

Screw protrusion 8 8 N.A.

Screw cutout 2 2 N.A.

Inadequate implant size 1 1 N.A.

Inadequate implant type 1 1 N.A.

Chronic pain 1 1 N.A.

Implant exchange 3 3 N.A. N.A.
Implant removal 16 16 N.A. N.A.
Disproportional pain and disability 390 5(1.3%) 245 0(0.0%) 145 53.4%) 0.007

Osteosynthesis 5 N.A 5 N.A.
Post-operative or persistent radial nerve apraxia 390 12 (3.3%) 245 9 (3.7%) 145 3(2.1%) N.A.

Osteosynthesis 1 0 1 N.A.

Osteosynthesis and nerve grafting 1 0 1 N.A.
Malunion 390 3(0.8%) 245 0 (0.0%) 145 32.1%) 0.051
Nonunion 302 49 (16.2%) 188 19 (10.1%) 114 30 (26.3%) <0.001

(Revision) osteosynthesis 30 10 20

P-values <0.05 are shown in boldface

Data are presented as number (%) or as median (P,5—P;5) and were analyzed using a Chi-squared test and Mann—Whitney U test, respectively

*N represents the number of patients for whom data were available per follow-up moment

and patient satisfaction, and is considered a suitable tool for
evaluating adult humeral shaft outcomes [26].

Similar as the DASH, the Constant—Murley score also
showed superior upper extremity function in the opera-
tive group until six months after trauma. This was also
shown in the FISH trial [25], however, another RCT by
Matsunaga et al. found no significant difference in score
during a 12 month follow-up period [24]. It is not clear if
this lack of difference can be attributed to a lower mean
age, lower proportion of females, and inclusion of 12% of
patients with an AO type 12C fractures in the nonoperative
group in their study.

With regards to complications, both the current data and
a meta-analysis show that pain, infection, and radial nerve
palsy are no contributing factors in the decision-making for
humeral shaft fractures [2]. Both operatively and nonopera-
tively treated patients in the current study reported a similar
level and decrease of pain during the 12 month follow-up.
Similar findings have previously also been reported [24].
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Ramo et al., on the other hand, reported slightly, yet statisti-
cally significant, less pain in the operative group until six
weeks after trauma, but the difference in pain was less than
the threshold for clinical relevance [25]. In any case, pain per
se is no contra-indication for operative management. In fact,
five (3.4%) patients in the nonoperative group of the current
study were operated due to disproportional pain.

Six patients out of 245 operated patients in our study
had an infection (2.4%), of which five were only superficial
according to the CDC classification. This is slightly less than
the 3.1% out of 611 operated patients as reported in a recent
meta-analysis [2].

Sixteen (4.1%) patients presented with radial nerve palsy
after trauma, which is a much lower rate than the 15.6%
(201/1,289) reported in a meta-analysis [2]. The postopera-
tive radial nerve palsy rate in their study was 3.6%, with a
full recovery rate (at follow-up ranging from 6 to 72 months)
of 96.4%. In our study, nine of out 232 (3.9%) patients devel-
oped a postoperative radial nerve palsy, of whom eight
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showed full recovery within the 12 month follow-up. This
implies that the risk of persistent radial nerve palsy due to
surgery at 12 months is 0.4% (i.e., 1/232), and this minimal
risk should be no reason to avoid surgery.

An inherent disadvantage of operative management is the
risk of implant-related complications. Implant removal was
performed due to nail or screw protrusion or chronic pain in
16/245 (6.9%) patients who were all treated with an IMN.
For the same indication, hardware removal was reported in
10/156 (6.4%) patients in one RCT and three observational
studies [23, 27-29].

To achieve early functional recovery, treatment should
focus on timely fracture healing and preventing malalign-
ment. In this study, malalignment only occurred after non-
operative treatment, with 11 out of 14 patients requiring
revision surgery. This rate of 9.7% is in line with 11.0% as
calculated from one RCT and three observational studies
[24, 27, 28, 30]. The risk of nonunion in our study was 2.6-
fold higher after nonoperative treatment than after operative
treatment (i.e., 26.3% versus 10.1%). Analogous to our data,
another RCT and two observational studies show a 2-2.5-
fold higher nonunion rate after nonoperative treatment [23,
31, 32]. The effect was even stronger in two RCTs, which
show 15 and 25% nonunion in the nonoperative group versus
none at all after surgery [24, 25]. With data supporting that
nonunion can, to a large extent, be prevented by immediate
surgery, surgery should be the first option for the treatment
of humeral shaft fractures.

Strengths and limitation

The main strength of this prospective, multicenter study is
that it is the largest series of patients with a humeral shaft
fracture to date. The sample size was much higher than 47
to 110 patients in the most recent prospective studies on
this topic [24-26, 33, 34]. Combined with the participation
of 29 hospitals across the country, including level 1, 2, and
3 trauma centers, it therewith represents current practice.
Furthermore, treatment heterogeneity across participating
hospitals caused by not standardizing treatment or rehabili-
tation will improve generalization of the results. The higher
prevalence of females and higher median age in the nonop-
erative group in this study is in line with published data [2].
This may also explain the higher prevalence of osteoporosis/
osteopenia in the nonoperative group. Overall, this indicates
that selection bias due to the study design is unlikely, based
on these patient characteristics.

A benefit of the observational design, allowing surgeon
to decide on treatment, surgical approach, and implant, is
that surgeons could use the (operative) technique they felt
was best for the individual patient in their hands. This in
contrast to a randomized design where randomization could

result in the (operative) technique where the surgeon would
feel less comfortable with or had less experience in. Another
strength is that dedicated researchers performed the follow-
up measurements of all patients. This centralized coordina-
tion allowed hospitals with insufficient research resources to
participate. In a previous study it was shown that data quality
and completeness can benefit from central study coordina-
tion [35].

As commonly seen in observational studies, some imbal-
ance in baseline data was noted between the two treatment
groups. Although this may be considered as a limitation,
we were able to correct for this in the mixed-linear mod-
els. When designing the study, we considered a RCT not
feasible. The rationale, which includes strong patient and
surgeon preference and early termination of RCTs at that
time due to enrollment issues, is elaborated on the published
study protocol [12].Another limitation could be that some
participating hospitals enrolled < 5 patients, suggesting that
not all patients were screened for participation. Overall, 46
patients were missed for screening or declined participation.
Consequently, the study sample was not consecutive. As this
study did not interfere with treatment decision, it is unlikely
that this has introduced selection bias or affected validity of
the results. On the other hand, despite great efforts of the
researchers, some bias due to missed follow-up visits and
consent withdrawal cannot be ruled out. As this was the case
in 19% of patients in both treatment arms, this is unlikely
to be differential.

Conclusion

Primary osteosynthesis of a humeral shaft fracture (AO type
12A and 12B) in adults is safe and superior to nonoperative
treatment, and should therefore be the treatment of choice.
It is associated with a more than twofold reduced risk of
nonunion, earlier functional recovery and a better range of
motion of the shoulder and elbow joint than nonoperative
treatment. Even after including the implant-related compli-
cations, the overall rate of complications as well as second-
ary surgical interventions was highest in the nonoperative

group.
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