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Background: The purpose of this study was to compare shoulder outcomes and function after humeral
shaft fractures treated with plates and screws vs. antegrade nailing.
Methods: A group of 27 patients treated with plates and a group of 30 patients (previously published)
who had undergone antegrade locked intramedullary nailing, all with acute humeral shaft fractures,
were retrospectively compared. Final shoulder range of motion (ROM), full shoulder ROM recovery rate,
functional outcomes, residual pain, complications, and elbow flexion-extension range were also
analyzed.
Results: There were a total of 57 patients: 27 cases in the plate (P) group and 30 in the nail (N) group
(average age, 41.9 years).There were 66.7% men in group N and 63.0% in group P. The average age was 38
years (interquartile range [IQR] 28) in group N and 37 years (IQR 55) in group P. There were no differ-
ences in follow-up between groups, which averaged 28 months (IQR 7) in group P and 30 months (IQR 2)
in group N (P ¼ .385). There was no difference in both groups in elbow flexion-extension. Group P had a
full shoulder ROM (66.6% vs. 40.0%; P ¼ .02) and excellent Rodríguez-Merch�an scoring (66% vs. 40.0%;
P < .01), which was significantly higher than in group N. In group P, the Constant score was 95 (IQR 9).
Conclusions: Treatment with plates in this comparative study led to a better ROM in the shoulder and
fewer complications. Loss of shoulder motion may be expected after humeral shaft osteosynthesis.
However, the functional scores and the healing index can be good and excellent with both techniques.

© 2021 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
The treatment of humeral shaft fractures is still controversial. In
most of these fractures, treatment is nonsurgical. But in those cases
where surgery is indicated, the election between rigid nails and
plates with screws is difficult. Multiple studies on this topic have
been published, but they usually conclude that there are no dif-
ferences in outcomes by comparison. In addition, few in-
vestigations focus on the analysis of the final function in the
affected shoulder. The comparisons of outcomes between nails and
plates usually do not objectively report the shoulder range of mo-
tion (ROM).1,4 The mostly used functional scores generally under-
estimate the movement loss, as it is feasible to achieve an
“excellent” score, even when the patient loss is 30� of anterior
flexion.5,6,14
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In our previously published series treatedwith antegrade locked
nails, a decrease of shoulder ROM, beyond good functional scores,
was observed. Apart from this, the riskiest variable associated with
the loss of ROMwas the presence of some milliliters of subacromial
impingement. Therefore, is it possible to obtain better shoulder
outcomes with plates?

The objective of this study was to compare the functional out-
comes in patients with humeral shaft fractures treated with plates
and screws with a series of patients treated with nails, with a
special focus on final shoulder ROM and complications.

Materials and methods

This study was approved by our institutional ethics committee.
This is a retrospective comparative study. Participants were

identified in our health record database. The patients included
were older than 18 and treated with 4.5-mm plates and screws for
acute humeral shaft fractures between 2014 and 2017, with a
minimum follow-up of 2 years. Patients who had undergone a
previous surgery in the same shoulder, arm, or elbow were
ulder and Elbow Surgeons. This is an open access article under the CC BY-NC-ND
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Table I
Comparative demographics baseline data.

Demographic variables Plate (n ¼ 27) Nail (n ¼ 30) P value

Sex, male, n (%) 17 (63.0%) 20 (66.7%) .788
Age in yr, median (IQR) 37 (55) 38 (28) .791
Fractures characteristics
Side, n (%) .528
Right 11 (40.7%) 13 (43.3%)
Left 16 (59.3%) 17 (56.7%)

Associated injuries, n (%) 0 8 (26.7%) .004
Fracture type .163
A 16 (59.3%) 22 (73.3%) .021
B 7 (25.9%) 7 (23.3%) .400
C 4 (14.8%) 1 (3.33%) .196

IQR, interquartile range.
Bold values indicate statistical significance.
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excluded. Twenty-nine patients met the criteria, but one did not
have complete follow-up data, and one was excluded because of a
chronic neurologic lesion. This group was analyzed and compared
with a previously published series of 30 patients treated with
nails.15

The surgical indication was for displaced fractures.
Preoperative and final follow-up X-rays were evaluated.
Fractures were classified as per the Arbeitsgemeinschaft für

Osteosynthesefragen classification (AO).14 Fracture healing sta-
tus and final shoulder ROM, including forward elevation,
external rotation, and internal rotation, were evaluated. The
patients were also assessed by the Rodríguez-Merch�an
criteria,17 which simultaneously evaluates shoulder and elbow
ROM. Subjective data, such as pain, were also considered on a
graded scale: none, occasional, pain with activity, and variable
pain. General subjective disability was rated as none, minimal,
moderate, and severe. The final scores were qualified as
excellent, good, fair, and poor, using the lowest score of each
item for the final result.

Shoulder forward elevation and external rotation were
measured with a manual goniometer. Internal rotation was deter-
mined by the highest spinal level reached by the thumb, graded as
follows: T7, excellent; T12, good; L5, fair; and <L5, poor.

In the plate (P) group, the Constant score was used as well.
The following variables were compared: gender, age, fracture

type as per the AO classification, full shoulder ROM, Rodríguez-
Merch�an score, complications, and associated injuries.

A full ROM was considered with shoulder flexion of 180�,
external rotation of 90�, and internal rotation with the thumb
reaching T7 or higher.

The anterolateral or posterior approach was used for all
cases in the P group. The surgical approach was determined as
per the location of the fracture. The anterolateral approach was
used for midshaft and proximal shaft fractures, whereas the
posterior approach was used for more distal diaphyseal
fractures.

All nail surgeries were performed with the patient in a beach-
chair position by an anterolateral acromial approach, dissection
between the anterior and middle deltoid, and a longitudinal inci-
sion through the supraspinatus tendon.
Statistical analysis

The variables were presented for median and interquartile range
(IQR) for numerical variables and absolute values with their per-
centages for categorical variables. The comparison between nu-
merical variables was analyzed with the Wilcoxon rank sum test,
and the Fisher exact test was used for the categorical variables.
Logistic regressionwas used for the multivariate analysis. A value of
P < .05 was considered significant. Data were analyzed with STATA/
MP 14 version package.
Results

There were a total of 57 patients, 27 cases in the P group and 30
in the nail (N) group. The demographic characteristics were similar
in both groups. Sixty-six percent of the patients treated with a nail
and 63% of those treated with plates were men. The average age
was 38 years (Interquartile rank [IQR] 28) in group N and 37 years
(IQR 55) in group P (Table I).

There were no differences in follow-up between groups, which
averaged 28 months (IQR 7) in group P and 30 months (IQR 2) in
group N (P ¼ .385). All fractures were healed in the P group and 28
of 30 in the N group (93%; P ¼ .273).
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There were no differences between groups in the elbow flexion-
extension range and type of fractures (Table I).

The P group had a greater percentage of patients who reached
100% of shoulder ROM (66.6% vs. 40.0%; P ¼ .02). As per the
Rodríguez-Merch�an criteria in the P group, 18 patients achieved
excellent results (66%), 7 good (26%), and 2 obtained poor outcomes
(8%). On the other hand, in the N group, the Rodríguez-Merch�an
score was 12 patients excellent (40%), 7 good (23%), 6 regular (20%),
and 5 poor (16.6%).

The Constant score in the P group was 95 (IQR 9).
There were fewer complications in the P group, but this variable

was not statistically significant (7.4% vs. 20.0%; P ¼ .163). These
complications included 2 postsurgical infections that were treated
with surgery and endovenous antibiotics.

The N group reported subacromial nail impingement (1-2mmof
protrusion) in 8 patients (26%), 5 complications including 2 cases of
nonunion, 1 case of radial neuroapraxia, 1 granuloma and 1 tu-
berosity fracture15 (Table II, Fig. 1).

Treatment method, fracture type, and age were included in the
multivariate analysis. It was observed that the chance to achieve a
complete shoulder ROM was 6.50 times greater in patients treated
with plates than those treated with nails (odds ratio, 6.50; confi-
dence interval, 1.40-26.58; P ¼ .010; Table III).

Discussion

In the present study, we observed a clear difference in favor of
the P group concerning the final rates of shoulder ROM.

The treatment of humeral shaft fractures remains controversial.
The evidence is not clear in reference to outcomes and complica-
tions between methods. Comparative series and meta-analysis
usually make little reference to the final shoulder function and
objective measurement of ROM. In our opinion, the decrease in
shoulder mobility is usually underestimated because of the scoring
used.1,4e6,8,14,18

In a previously published series of patients treated with nails,
we identified a percentage of patients who had lost some mobility
grades despite the good general scoring.15 This was related mainly
to nail subacromial impingement. After that evaluation, we decided
to make osteosynthesis with plates and screws for humeral shaft
fractures. In the present study, we performed a comparison be-
tween methods with special attention to the final shoulder
function.

In the P group, we obtained better functional outcomes. The
average shoulder elevation was 169� with plates vs. 157� with nails
(P ¼ .046). Internal rotation was significantly better in the P group
(P ¼ .004). On the other hand, the average external rotation was
better in the P group (83� plate vs. 75� nail), but this difference was
not significant (P¼ .196). As per the Rodríguez-Merch�an criteria, we



Figure 1 A 78-year-old patient. (A) X-ray showing fracture type. (B and C) X-rays showing healed fracture. (D, E, and F) Final shoulder ROM. (G) Posterior approach. ROM, range of
motion.

Table II
Comparative results.

Variable P group N group P value

Healing rate (%) 27 (100%) 28 (93.3%) 0.273
Complications (%) 2 (7.4%) 5 (20.0%) 0.163
Full shoulder ROM 100%, n (%) 18 (66.6%) 12 (40%) 0.021
Foward elevation median (IQR) 180� (RIQ 20�) 170� (RIQ 40�) 0.046
External rotation median (IQR) 90� (RIQ 10) 85� (RIQ 20) 0.196
Internal rotation vertebrae level, n (%) 0.004
D7 14 (51.9%) 16 (53.3%)
D10 7 (25.9%) -(0%)
D12 5 (18.5%) 6 (20%)
L5 -(0%) 6 (20%)
S1 1 (3.7%) 2 (6.7%)

Elbow extension, median(RIQ) 0� (RIQ 5�) 0� (RIQ 5�) 0.451
Elbow flexion, median(IQR) 140� (RIQ 15�) 137.5� (RIQ 10) 0.311
Pain n (%) 1 (3.7%) 5 (16.7%) 0.122
Rodriguez-Merch�an score 0.005
Excellent 18 (67%) 12 (40.0%)
Good 7 (26%) 7 (23%)
Fair -(0%) 6 (20%)
Poor 2 (7%) 5 (16%)

IQR, interquartile range.
Bold values indicate statistical significance.
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found a difference regarding the percentage of excellent results:
66% in patients treated with plates and 40% with nails (P ¼ .021).

Concerning shoulder mobility, it is difficult to compare the
literature because the studies typically do not report details of the
final ROM with absolute values (in degrees).

Gracitelli et al11 compared nails and plates with the mini inva-
sive plate osteosynthesis technique. They concluded that there are
no differences between groups. In this article, the University of
California, Los Angeles score was used in the comparison, so the
final function can be underestimated because it gives a maximum
score with 150� of anterior flexion and does not include shoulder
rotations. In addition, they have not reported the final range in
grades. This is why we did not consider the shoulder evaluation to
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be complete and objective. We decided to use the Rodríguez-
Merch�an score, which grants the excellent score only with a full
ROM. We also divided the cases between those that achieved and
did not achieve full ROM.

Regarding complications, in a meta-analysis, Wen et al21 reports
that in multiple comparative studies between both methods, no
significant differences were found.

In our series treated with plates, we had 2 infections: a super-
ficial infection treated with antibiotics and a deep infection treated
with debridement and antibiotics.

In another meta-analysis, Heineman et al9 did not find signifi-
cant differences between implants in the total rate of complica-
tions, nonunion, infection, nerve injury, or revision surgeries.



Table III
Variables association with full shoulder ROM. Logistic regression model.

Variables association with full shoulder ROM OR* CI 95% P value

Type of treatment
Nails 1.00 - -
Plate 6.50 1.56-27.09 .010

Fracture type
A 1.00 - -
By 1.16 0.26-5.11 .846
Cz 2.81 0.23-34.15 .417

Age 0.95 0.92-0.98 .002

CI, confidence interval; IQR, interquartile range; OR, odds ratio; ROM, range of
motion.

* Odds ratio adjusted to the other variables included in the model.
y Compare A vs. B.
z Compare A vs. C.
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With regards to the functional results and the risk of suffering
shoulder movement restriction, the aforementioned meta-analysis
has shown (in the same way as the present study) that open
reduction and plate fixation yielded superior results over the group
treated with intramedullary nails, and no significant difference
between mini invasive plate osteosynthesis and nail groups was
found. Other meta-analyses suggested that the plates could reduce
the incidence of shoulder deficit.13

Some studies have related the decrease of shoulder function in
cases treated with intramedullary nails to a nerve injury, accidental
proximal nail migration, rotator cuff injury, capsulitis, and other
factors.2,10,16

The current literature remains inconclusive when comparing
surgery complications between plates and nails.10 Treatment with
the humeral nail has been associated with a higher incidence of
shoulder impingement, pain, and hardware removal.3,12,20 On the
other hand, open reduction and internal fixation through an ante-
rolateral or posterior approach requires significant soft-tissue
dissection and local vascularization damage, which could
decrease the potential of healing, with a higher risk of deep
infection and iatrogenic nerve injury.7,11,19

We acknowledge as limitations those of any retrospective study:
the number of cases and different fracture types. But, we find some
strengths, such as the control groupwith a special focus on the final
shoulder function, long-term follow-up, and having the same sur-
gical team. We consider that our findings add information to the
knowledge about final clinical results in these fractures.

Conclusion

In this comparative study, treatment with plates led to a better
ROM in the shoulder and fewer complications. However, functional
scores and healing rates can be good and excellent with both
techniques. A loss of shoulder motion may be expected after hu-
meral shaft osteosynthesis. Prospective studies are necessary with
a long-term follow-up to strengthen these findings.
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