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Purpose: This randomized controlled trial was conducted to investigate the outcomes of
humeral shaft—fracture management with the functional Sarmiento brace (nonoperative)
versus open reduction internal fixation (ORIF).

Methods: Sixty humeral shaft—fracture patients with a minimum age of 18 years were randomly
assigned into two groups: operative treatment with open reduction—internal fixation (ORIF) or
functional brace (Sarmiento). A similar postoperative rehabilitation program was applied for all
subjects for the next 12 months. The outcomes of each method were measured in terms of
nonunion rate, union time, “quick” Disabilities of Arm, Shoulder, and Hand (DASH) question-
naire scores, and rate of complications, such as malunion, infection, and radial nerve injury.
Results: The two groups had similar baseline characteristics, including age, sex, smoking
status, and type and mechanism of fracture. The mean union time was about 4.8 weeks
shorter in the ORIF group (13.9 weeks in operative group versus 18.7 weeks in nonoperative
group), indicating a definite significant superiority (p=0.001) of ORIF management to
functional Sarmiento bracing. However, a comparison of quick DASH scores revealed a
borderline-significant difference between the groups (p=0.065). Additionally, we found that
treatment of humeral shaft fractures using functional bracing was associated with slightly
higher risk of nonunion; however this was not significant (p=0.492).

Conclusion: According to the present findings, there is remarkable superiority of ORIF over
functional Sarmiento bracing in the management of patients with humeral shaft fracture.
Keywords: diaphyseal fracture, functional brace, open reduction internal fixation, malunion,

nonunion

Introduction

Humeral shaft fractures (HSFs) are one of the most common injuries in trauma
centers.' These fractures account for approximately 1%—5% of all fractures in adults
and nearly 20% of all humeral fractures.>* Several treatment strategies have been
introduced for management of HSF, including casting, functional bracing, open reduc-
tion—internal fixation (ORIF), minimally invasive plate osteosynthesis, intramedullary
nailing, and external fixation. Each of these modalities has its own advantages and
disadvantages.” For instance, nonoperative treatment, such as functional bracing, has
been considered an efficient method for isolated HSFs.'®'> However, it might be
associated with some complications, such as nonunion, angulation, malunion, shoulder
impingement, skin abrasion, limited range of motion (ROM), and long-lasting

treatment.7’ 14-18
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Surgical treatment is indispensable in certain circum-
stances, including types II and IIl Gustilo open fractures,
multiple trauma, high-energy trauma, neurovascular injuries,
floating elbow, bilateral SFs, segmental fractures, oblique
fractures in the proximal third, SFs of the distal third, frac-
tures with axial distraction, unsatisfactory reductions, patho-
logical fractures, and delayed union, nonunion, or malunion
after conservative management. It might also be indicated for
obese patients or those with a psychiatric disorder, such as
dementia, psychosis, or bipolar disorder.!” Although the
optimal surgical treatment of HSF remains controversial,
such fixation methods as compression plating and intrame-
dullary nailing are preferred over others and are commonly
used.”"” Furthermore, intramedullary nailing has been
recommended as the treatment of choice; however, there
may be some disadvantages and complications.”'”

In spite of several investigations, few studies have
compared operative versus nonoperative treatments of
HSFs.® 11429 I this regard, a systematic review in 2015
showed that no randomized clinical trials (RCTs) with
good quality evidence had been conducted to compare
the outcomes of surgical and nonsurgical interventions.''
Moreover, another recent systematic review demonstrated
that there was not enough evidence to determine whether
operative or nonoperative treatment is superior in HSFs.*
As such, further investigations should be conducted to
shed light on the efficacy of operative versus nonoperative
treatments in HSFs. To the best of our knowledge, at
present few published RCTs have compared the benefits
of minimally invasive surgery versus functional bracing
for HSF patients.”' Therefore, the present RCT aimed to
compare clinical, functional, and radiological outcomes
and the rate of complications among HSF patients treated
with ORIF versus those receiving a functional Sarmiento
brace.

Methods

Participants

This RCT was performed between January and December
2016 on 60 patients with isolated HSFs. HSF was defined
as a fracture found on plain radiography between the
proximal and distal metaphyses without extension to prox-
imal and distal articular surfaces, ie, AO classes of
12A 5 (www.aofoundation.org). The study methodology
was evaluated based on the Consolidated Standards of
Reporting Trials (CONSORT) checklist, and was per-

formed in accordance with Declaration of Helsinki

principles. All the ethical issues of dealing with human
participants were considered carefully and approved by the
ethical committee of Shahid Beheshti University of
Medical Sciences. Patients under the age of 18 years or
who had diabetes mellitus, rheumatoid arthritis, patholo-
gical or open fractures, bilateral fractures, concomitant
shoulder or elbow injuries, multiple trauma, and concur-
rent neurovascular injuries were excluded from the study.
Patients with fractures >3 weeks were also excluded from
the study. A signed informed consent letter was taken from
each of the eligible patients at the beginning of the study.
Eventually, a random-number generator was used to divide
patients into two equal groups: operative treatment (ORIF)
versus using a functional brace called Sarmiento.

Nonoperative management (Sarmiento)
After closed reduction, the arm was immobilized initially with
a U-splint (from the axilla to the elbow). Approximately
2 weeks later, this was replaced by a Sarmiento functional
brace that allowed patients to move their elbow and shoulder
based on a regular rehabilitation protocol. This brace remained
for 6 weeks or until consolidation of the fracture.

Operative management (ORIF)

The operation was performed under general anesthesia in
lateral decubitus while the elbow was in a semiflexed posi-
tion. A longitudinal anterolateral incision was made from
the coracoid tip of the scapula toward the lateral border of
the biceps brachialis muscle 5 cm before the cubital fossa.
After open reduction, the fracture site was fixated using a
narrow lapping/dynamic compression plate of 3.5 mm
thickness with eight to ten holes on both sides. The fixation
was initially made using three cortical screws, and then
locking screws were applied. After the final intraoperative
radiological evaluation, a drain was placed. The wound was
sutured and dressing performed. Also, the limb was post-
operatively placed in an arm sling for at least 2-3 days.
Gentle ROM exercises for elbow, wrist, and finger joints
were commenced within 3 days of surgery, and an early-
rehabilitation program continued for 6 weeks, along with
strict weight-lifting instructions (<0.5 kg). After 6 weeks,
shoulder ROM exercises, including pendulum protocol and
then active ROM, such as internal/external shoulder rotation
based on the patient’s tolerance, were started. Also, the late
postoperative rehabilitation program was similar for all

subjects and continued for 1 year.
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Outcome assessment

Demographics of patients — sex, age, smoking status, type
of fracture (simple, segmental, wedge), and mechanism of
injury — were recorded before the study began. Patients
were examined at the beginning of the study and weeks
2 and 4 after the treatment. They were revisited monthly
until complete union was observed. Union was defined as
the absence of pain or tenderness at the fracture site and the
presence of three bridging cortices on two orthogonal views
on monthly radiography. Along with radiographic assess-
ments, clinical parameters were also evaluated. In addition,
another X-ray image was taken for each patient who had
undergone plate fixation. The final visit took place 1 year
postoperatively. The time required for radiological occur-
rence of union was recorded. Nonunion was considered as
the fracture failing to unite after 6 months. The presence of
malunion (angulation >20° in sagittal or coronal planes) was
evaluated and the “quick” Disabilities of Arm, Shoulder, and
Hand (DASH) questionnaire used for all patients to investi-
gate functional outcomes.

Statistical analysis

Final data before and after the treatment were imported
and analyzed in SPSS version 22. Normality of data was
evaluated using the Shapiro—Wilk test. Qualitative vari-
ables are expressed as frequency and percentage. Fisher's
exact test or y* were utilized to compare the rate of union,
malunion, and other complications. Mean values of union
time and raw mean differences in quick DASH scores
were compared utilizing independent-sample #-tests.
Retrospective power estimation was done for borderline-
significant p-values. Statistical significance was set at

p<0.05.

Results
A total of 60 participants were involved in the present
investigation. Demographic data of the two groups are
shown in Table 1. Baseline characteristics of the two
groups in terms of age, sex, and smoking status were
almost similar. Moreover, both groups had the same
mechanism of injury (p=0.317) and type of fracture
(p=0.433). About half the injuries were found to be the
result of vehicle accidents. The majority of fractures
belonged to the simple type (60% in operative group and
70% in nonoperative group).

Time to radiological union, rate of nonunion, and quick
DASH scores in the two groups are summarized in

Table 2. Median union time was 14 weeks (mean 13.9
weeks) in the operative group and 18 weeks (mean 18.7
weeks) for the nonoperative group, indicating that ORIF
treatment was associated with complete union about 4
weeks earlier than the Sarmiento group. This difference
was statistically significant (p=0.001). On the other hand,
DASH-score comparison revealed a borderline-significant
difference (p=0.065). In the functional brace group, non-
union occurred in two patients (p=0.492) who eventually
underwent surgical management.

As mentioned before, those patients with initial radial
nerve injury were excluded from the study. However,
among the 30 eligible patients assigned to the operative
group, 18 (60%) were identified with neuroapraxia that
was transient and fully resolved within 3—-6 months of
conservative management. Fortunately, there were no
cases of malunion, infection, or severe radial nerve injury
in the present study.

Discussion

Based on the findings, patients in the ORIF group had a
mean union time of 4.8 weeks less than those who
received the functional Sarmiento brace (13.9 weeks in
operative group versus 18.7 weeks in nonoperative
group). As we mentioned, this comparison showed a
remarkable superiority of operative management over
Sarmiento bracing. Similarly, DASH-score improvement
was higher in the operative group than the nonoperative
group. However, the latter difference was not statistically
significant, revealing a borderline value. A retrospective
power calculation demonstrated that this might have
occurred due to the small sample: a larger population of
70 patients would be required to detect a definite signifi-
cant difference. Patients who received the functional bra-
cing experienced a higher risk (6.6%) of nonunion than
patients treated by ORIF. However, the differences
between the groups were not significant (p=0.492).
Although results in terms of nonunion rate and DASH-
score improvement were not statistically significant, over-
all a remarkable advantage was observed favoring ORIF
treatment for HSFs over the functional Sarmiento bracing.
In contrast to our results, conservative management of
HSFs has been reported with favorable outcomes in most
patients. Some complications, such as iatrogenic radial
nerve injury or nonunion, are unavoidable in certain
cases. Altogether, there is still considerable debate regard-
ing the application of surgical or nonsurgical methods as

the treatment of choice.®??
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Table | Baseline demographics of the two groups

Operative Nonoperative p-value
(n=30) (n=30)
Age, (years), mean  SD (range) 37.7x154 48.5%19.4 0.202
(18-71) (19-77)
Sex, n (%) Male 23 (77%) 26 (87%) 0.317
Female 7 (23%) 4 (13%)
Type of fracture, n (%) Simple 18 (60%) 21 (70%) 0.433
Segmental 8 (27%) 4 (13%)
Wedge 4 (13%) 5 (17%)
Mechanism of injury, n (%) Vehicle accident 12 (40%) 16 (53%) 0.317
Sport injuries 10 (33%) 5 (17%)
Falling down 8 (27%) 9 (30%)
Smoking status, n (%) Nonsmoker 6 (20%) 8 (27%) 0.285
Passive smoker 15 (50%) 9 (30%)
Smoker 9 (30%) 13 (43%)

Table 2 Clinical, functional, and radiological outcomes

Operative | Nonoperative | p-value
(n=30) (n=30)
Change in DASH 29.1£3.7 26.7£5.9 0.065
score, mean £ SD (15.9-40.5) | (20.542.7)
(range)
Mean union time 13.9£2.1 18.7+3.0 0.001
(weeks), mean = SD (12-20) (12-24)
(range)
Nonunion, n (%) 0 2 0.492
(6.6%)

Abbreviation: DASH, Disabilities of Arm, Shoulder;, and Hand.

Since the humerus is not a weight-bearing bone, unlike
the other long bones, compressive forces have no impor-
tant role in its healing process. Additionally, because the
glenohumeral joint has extensive ROM without producing
torsional stress, there is no need for rigid immobilization
in HSFs. Instead, gravity-assisted realignment of segments
will occur.*® This concept propelled Sarmiento et al to
describe functional bracing in which the fracture site is
immobilized utilizing a compressive effect of the brace on
the surrounding soft tissue, while realignment of the frac-
tured fragments is achieved via the effect of gravity.?*
Furthermore, early mobilization of the shoulder and
elbow is preserved, with functional bracing enhancing
osteogenesis and the healing process.”**

Oztiirk et al evaluated the outcomes of functional bra-
cing in 38 patients with humeral diaphyseal fractures.

Complete union was obtained in all subjects, and angula-
tion did not exceeded 20° in the sagittal plane or 10° in the
coronal plane in any cases. They assumed that among
nonoperative methods, functional bracing was the best to
treat humeral diaphyseal fractures.”® Papasoulis et al
showed an average healing time of 10.7 weeks, and the
union rate was 94.5% for HSF management by functional
bracing. Full shoulder and elbow ROM was obtained in
about 80% of the subjects. Angulation seldom exceeded
10°." In another study conducted by Pehlivan et al, the
average union time was 12 weeks in 21 distal-third HSFs,
and no case of nonunion or radial nerve palsy occurred.”
Similarly, in our study no case of malunion, infection, or
severe radial nerve injury was found and the results were
in line with the aforementioned studies.

With the satisfying outcomes mentioned, functional bra-
cing might be considered as the gold standard method for the
HSF in a majority of cases.'®”'> However, some authors are
concerned about unsatisfactory results and several complica-
tions, such as shoulder impingement, angulation, and skin
abrasion in nonoperative treatment among certain patient
groups.'>?”*° Wallny et al demonstrated that 14% of patients
treated with functional bracing had limited ROM and 12.6%
had malunion >10°."® Also, Koch et al found that 13.4% of
patients treated with Sarmiento bracing failed to heal and
eventually underwent operative management.'> Pehlivan et
al demonstrated that varus angulation (average 7.8°) and short-
ening (average 10 mm) were found in 38% and 19% of

patients treated with functional bracing, respectively.
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Additionally, there was minimal limitation in ROM observed
in shoulder abduction and lateral rotation.” However, it seems
that this amount of angulation or shortening had no clinical or
functional importance. In fact, these findings confirm the con-
cerns about complications after nonoperative HSF treatment.
Some recent studies have questioned nonoperative treatment
for all HSFs and suggested that surgery is preferred in cases
with neurovascular, medullar, or brachial plexus injuries, open
fractures, multiple trauma, oblique proximal fractures, distal-
third fractures, and floating elbow.?>%>* Decomas and Kaye
assumed that obesity, cigarette smoking, metabolic bone dis-
order, cardiovascular disease, short oblique fractures, and open
fractures were the most important risk factors in nonunion
after nonoperative treatment.>> Moreover, in a review of non-
operative treatment for HSF, Ali et al found a higher rate of
nonunion in proximal-third fractures.®

Two systematic reviews of randomized studies showed
no advantage for operative or nonoperative methods for
HSF treatments.®'" Compression plating and intramedul-
lary nailing are the two most common surgical fixation
methods. Several studies have compared outcomes of
these methods, but both were associated with some advan-
tages and disadvantages.”'***® Also, in a meta-analysis,
Heineman et al found that the complication rate was lower
with the ORIF method.” There have been several studies
demonstrating that plate fixation is the better surgical
method for HSFs.'??¢*% Matsunaga et al compared the
1-year outcomes of 110 HSF patients treated by minimally
invasive osteosynthesis with a bridge plate and functional
bracing. According to their findings, mean DASH scores
were significantly better in the surgical group after 6
months than patients that received functional bracing. In
addition, the rate of nonunion (0 vs 15%) and mean varus—
valgus malunion (2° and 10.5°, respectively) were found
to be significantly lower in the surgical group.?' The latter
results were close to our findings on general superiority of
operative management.

Lastly, Harkin et al performed a retrospective cohort
study in Australia on 126 HSF sufferers during a 7-year
period. Among them, 30 participants primarily underwent
surgery, while 96 were treated conservatively. The research-
ers found that approximately 54% of patients in the conser-
vative group had timely union before 6.5 months, 13%
delayed union, and 33% had not achieved union at all,
whereas among those patients managed surgically, 63% had
timely union, 33% delayed union, and only 4% did not
achieve union. Harkin et al revealed a significant superiority
favoring the operative group. However, no difference was

present between plate and nail fixation regarding union or
neurological injury. Furthermore, only 27% of nonunion
patients in the conservative group who converted to surgical
management achieved timely union. They concluded that
early surgery had a significantly higher union rate than
delayed surgery. Eventually, the authors concluded that the
conservative management was associated with a higher rate
of delayed union and nonunion than surgery.'” The latter
finding was exactly in accordance with our results; however,
we did not reach a statistically significant value, probably due
to a smaller sample. Union in our RCT occurred about 1
month earlier in the operative group, which seems to be very
important for those patients requiring a return to preinjury
activities as soon as possible. Although the difference was
not statistically significant, there were two patients (6.6%)
with nonunion in the nonoperative group, thereby requiring
further operative treatment. As with any other study, there are
some drawbacks in our study. Axial alignment was not
evaluated and the cost of treatment was not compared
between the groups. Further controlled trials with larger
samples and longer follow-up are required to address these
limitations. The authors assume that future high-quality
RCTs could shed light on the issue and might find statistically
significant differences.

Conclusion
Time to fracture union was significantly shorter in the
surgical treatment group. Also, functional bracing for
HSFs can be associated with a higher risk of nonunion.
The authors recommend identifying high-risk patients for
surgical treatment.

Data-sharing statement
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