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Abstract

Introduction: Intramedullary nailing (IN) is a common therapeutic option for humeral shaft fractures. 
However, some patients treated with IN develop signs of subacromial impingement and decreased strength 
in flexion and abduction movements. 
Objective: To evaluate the clinical impact of the use of antegrade IN on the shoulder for the treatment of 
humeral shaft fractures in terms of pain, functionality, and subacromial impingement symptoms.
Methodology: Retrospective observational study carried out in 25 adult patients with humeral shaft 
fractures treated with antegrade IN. Follow-up was performed 6 to 12 months after the procedure, assessing 
functionality (arcs of motion and QuickDASH scale), as well as the presence of pain (visual analog scale 
[VAS]) and signs of subacromial impingement (according to Yocum, Neer and Hawkins-Kennedy). Data 
are described using absolute and relative frequencies for qualitative variables and means and standard 
deviations for quantitative variables.
Results: Mean anterior flexion, QuickDASH score, and VAS score were 145° (±31.6), 6.1 (±8.5), and 2.32 
(±2.06), respectively. One or more signs of subacromial impingement were observed in 32% of the patients. 
In addition, complete fracture healing occurred in all cases.
Conclusion: Given that no significant impact on the shoulder was evidenced in terms of mobility, pain 
or signs of subacromial impingement and that fracture healing occurred in all cases, IN was adequate for 
the treatment of humeral shaft fractures. 
Keywords: Fracture Fixation, Intramedullary; Rotator Cuff; Subacromial Impingement Syndrome; Humeral 
Fracture (MeSH).

Resumen 

Introducción: el enclavijamiento endomedular (EE) es una opción terapéutica para fracturas de la 
diáfisis humeral; sin embargo, algunos pacientes tratados con EE desarrollan signos de pinzamiento 
subacromial y disminución de la fuerza en movimientos de flexión y abducción.
Objetivo: evaluar el impacto en el hombro del uso del EE anterógrado para el tratamiento de fracturas 
de la diáfisis humeral en términos de dolor, funcionalidad y signos de pinzamiento subacromial.
Metodología: estudio observacional retrospectivo realizado en 25 pacientes adultos con fracturas de 
la diáfisis humeral tratadas con EE anterógrado. Se realizó seguimiento entre 6 y 12 meses después del 
procedimiento, valorando la funcionalidad (arcos de movimiento y escala QuickDASH) y la presencia 
de dolor (escala visual análoga [EVA]) y signos de pinzamiento subacromial (según Yocum, Neer y 
Hawkins-Kennedy). Los datos se describen utilizando frecuencias absolutas y relativas para las variables 
cualitativas, y medias y desviaciones estándar para las cuantitativas.
Resultados: las medias de la flexión anterior, puntaje en la escala QuickDASH y escala EVA fueron 145° 
(±31,6), 6,1 (±8,5) y 2,32 (±2,06), respectivamente. El 32% de los pacientes presentó uno o más signos de 
pinzamiento subacromial. Además, la consolidación completa de la fractura ocurrió en todos los casos.
Conclusiones: dado que no se evidenció un impacto significativo en el hombro en términos de movilidad, 
dolor o signos de pinzamiento subacromial y que la consolidación de la fractura ocurrió en todos los 
casos, el EE fue adecuado para el tratamiento de fracturas de la diáfisis humeral. 
Palabras clave: Fijación intramedular de fracturas; Manguito de los rotadores; Síndrome de pinzamiento 
subacromial; Fracturas del húmero (DeCS).
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Introduction

Humeral shaft fractures account for 1% to 3% of all fractures seen in the emergency 
department and represent approximately 20% of all humeral fractures.1,2 One of the 
treatment options available for this type of fracture is intramedullary nail fixation. 
From the biomechanical and biological point of view, intramedullary nailing (IN) has 
advantages over plate osteosynthesis, since it preserves bone hematoma and periosteal 
irrigation, resulting in less soft tissue disruption, as well as a higher rate of healing. Also, 
IN potentially reduces complications such as infection and radial nerve palsy.3,4 However, 
if the integrity of the rotator cuff tendons and articular cartilage is compromised while 
using the shoulder joint approach, pain and function limitation may occur. 

During postoperative follow-up, it has been observed that some of these patients 
develop symptoms and signs associated with shoulder injuries and diseases such as 
pain and decreased strength in flexion and abduction movements. However, available 
evidence on these effects is contradictory. In this regard, some studies report that 
function after shoulder surgery is good and that patients with rotator cuff tears are 
usually asymptomatic,1,5,6 but other studies report changes in shoulder function.7,8 
Hence, some authors report that plate osteosynthesis has a superior performance due 
to the possible effects of IN in the shoulder.9–11 

Considering the above, the objective of the present study was to evaluate the impact 
of using antegrade IN on the shoulder for the treatment of humeral shaft fractures in 
terms of shoulder pain, functionality, and signs of subacromial impingement. 

Methodology

Type of study, population, and sample

A retrospective observational study was conducted in a quaternary care hospital in 
Bogotá, Colombia, which is a referral center for orthopedic and trauma treatment by 
specialists in the city. The study population comprised all adult patients (18 to 70 years 
old) with humeral shaft fractures who underwent surgery with anterograde IN in the 
humerus, performed by four orthopedic surgeons, between January 2017 and January 
2020. Patients with a history of rotator cuff injury, shoulder pain, pathologic fractures, 
osteoarthritis of the glenohumeral or acromioclavicular joints, and/or neuromuscular 
or neurological diseases were excluded, as well as patients with no follow-up data. 

It should be noted that all patients underwent closed reduction and anterograde 
intramedullary fixation with two types of third-generation nails from two different 
manufacturers. 

Procedures

Between 6 and 12 months after surgery, patients were followed up by means of anam-
nesis, administration of a questionnaire, physical examination, and x-ray assessment. 
Functionality was assessed using the QuickDASH arm, shoulder and hand disability score 
and considering shoulder range of motion (active and passive arcs of motion [anterior 
flexion, scapular plane elevation, and external and internal rotation]). In addition, the 
presence of the three signs of subacromial impingement reported by Yocum, Neer & 
Hawkins-Kennedy was assessed, and pain was evaluated using the visual analog scale 
(VAS). Finally, humeral shaft fracture healing was evaluated clinically and radiologically 
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at the time of the follow-up assessment. Moreover, patients’ medical records were 
reviewed to collect demographic (age and sex) and clinical data (comorbidities and 
date when the surgical procedure was performed).

Statistical analysis

Data were entered into a database created in Microsoft Excel for subsequent analysis in 
JASP statistical analysis software. Qualitative variables are described using absolute and 
relative frequencies, and quantitative variables using means and standard deviations.

Ethical considerations

This study followed the ethical principles for the performance of biomedical studies 
involving human subjects established in the Declaration of Helsinki12 and the scientific, 
technical and administrative standards for health research set forth in Resolution 
8430 of 1993 issued by the Colombian Ministry of Health.13 In addition, the study 
was approved by the Research Ethics Committee of the Hospital Universitario de La 
Samaritana E.S.E., as recorded in Minutes 05IC10-V1 of November 22, 2018.

Results

During the study period, 31 adult patients underwent IN for the treatment of humeral 
shaft fractures, two of whom had died by the time of follow-up, one had undergone 
surgery within the last six months, and four did not attend the follow-up visit. Thus, 
25 patients were included in the study. The mean age was 57.8 years, and the majority 
were women (56%). Moreover, 18% had some comorbidity, with the most frequent 
being high blood pressure (Table 1). 

Table 1. Demographic characteristics and comorbidities of the patients included in the study. 

Variable n (n=25)

Age (mean, SD) 57.8 (±17.98)

   Under 30 years of age 3 (12%)

   30-49 years old 4 (16%)

   50-64 years old 8 (32%)

   Over 65 years of age 10 (40%)

Sex

   Male 11 (44%)

   Female 14 (56%)

Comorbidities

   Stroke 2 (8%)

   Diabetes mellitus type 2 1 (4%)

   High blood pressure 3 (12%)

   Obesity 1 (4%)

   None 18 (72%)
SD: standard deviation. 
Source: Own elaboration.
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Based on clinical and x-ray findings, complete healing of the humeral shaft fracture 
occurred in all patients by the time of the follow-up assessment. Regarding shoulder 
arcs of motion, the mean anterior flexion was 145° (±31.6) and the mean active external 
rotation was 42.84° (±10.25). Also, the majority of patients achieved internal rotation 
between the T10 and T12 vertebrae (40%). Regarding shoulder functionality, most patients 
presented a low degree of disability and the mean QuickDASH score was 6.1 (±8.5). Finally, 
the mean VAS was 2.32 points (±2.06), thus the majority of patients did not experience 
any significant pain (Table 2). 

Table 2. Presence of pain and functionality in patients included in the study.

Variable Media (DS) 

Pain (VAS) 2.32 (±2.06)

Functionality (QuickDASH) 7.93 (±8.54)

Shoulder arcs of motion

   Active anterior flexion 148.08° (±31.68)

   Passive anterior flexion 154.92° (±27.54)

   Active external rotation 42.84° (±10.23)

   Passive external rotation 58.08° (±10.25)

   Active elevation 146.16° (±20.26)

   Passive elevation 155.28° (±17.93)

   Active internal rotation (Vertebra)

T5   5 (20%)
T6   3 (12%)
T8   1 (4%)
T9   4 (16%)
T10   2 (8%)
T11   2 (8%)
T12   6 (24%)
L1   1 (4%)
L2    1 (4%)

SD: standard deviation. 
Source: Own elaboration.

Finally, clinical signs of subacromial impingement were rare, with 24% of patients 
showing one sign, 8% showing two signs, and 4% showing three signs (Table 3). It 
should be noted that one patient with a history of type 2 diabetes mellitus presented 
limitation of shoulder mobility on arm elevation above 90 degrees and three signs of 
subacromial impingement. 

Table 3. Signs of subacromial impingement evaluated in accordance with the Neer, Yokum & Hawkins-Kennedy 
approach.

Presence of subacromial impingement signs

No sign 16 (64%)

1 sign 6 (24%)

2 signs 2 (8%)

3 signs 1 (4%)

Source: Own elaboration.
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Discussion

At present, the use of IN as a treatment for humeral shaft fractures is a controversial 
issue among shoulder surgery experts, since it can cause shoulder pain and functional 
limitation. This treatment has advantages such as preservation of the periosteal arteries 
and fracture hematoma and allows minimally invasive soft tissue management.3 However, 
IN may cause injury to the rotator cuff tendons and it has been reported that many of 
the operated patients develop symptoms and signs associated with shoulder injuries 
and diseases, such as pain and decreased strength in flexion and abduction movements.

In this regard, the Cochrane systematic review,14 conducted in 2011, compared the 
results of fixation of humeral shaft fractures using dynamic compression plates or 
intramedullary nailing. Said review included five small clinical trials and found no 
statistically significant differences between the two methods when comparing factors 
such as fracture healing time, operation time, nerve injury, blood loss, and resumption 
of work activity. On the contrary, it identified significant differences with respect to a 
greater presence of subacromial impingement signs and a decrease in shoulder motion 
arcs in patients treated with IN. Importantly, the review did not find sufficient evidence 
on functional outcomes. 

Later, in 2013, systematic reviews by Ouyang et al.10 and Ma et al.11 reported that the 
use of intramedullary nailing resulted in the presence of more subacromial impinge-
ment signs, as well as greater restriction of shoulder mobility. Ma et al.11 also found 
an association between the performance of IN and a higher occurrence of implant 
failures and reinterventions; however, because the quality of evidence was low, they 
concluded that more controlled clinical trials evaluating these differences are necessary 
to corroborate these findings. 

In turn, Zhao et al.9 concluded in a meta-analysis that plate osteosynthesis is superior 
to IN, as they found that, although functional outcomes and complications were similar, 
patients who underwent IN experienced clinical involvement at the shoulder level. 
Likewise, Gottschalk et al.,3 in a study comparing these two fixation methods, reported 
a higher mortality in patients treated with IN; however, it should be pointed out that 
their study included oncologic patients with pathologic fractures. 

Furthermore, Patiño15 evaluated shoulder range of motion and intramedullary nail 
positioning based on radiology in 30 patients over a period of 35 months, and found 
an overall decrease in range of motion, as well as the presence of signs of subacromial 
impingement caused by nail protrusion.

Regarding shoulder involvement in patients who underwent surgery with IN, Flinkkla 
et al.,16 in a study in which 29 patients were followed up 6.2 years after the procedure, 
identified that the only impact on the shoulder was limitation of flexion. Moreover, 
Pogliacomi et al,5 in a study in which a 62-month follow-up of the IN was performed in 40 
patients, concluded that a proper approach and avoiding technical errors during surgery 
can reduce the occurrence of tendon injuries in the shoulder. Similarly, García-Bógalo8 
reported good functional and ultrasound outcomes in patients who underwent procedures 
where adequate dissection was performed and a correct nail entry point was established.

Other studies reported complementary tests, such as ultrasound, to evaluate rotator 
cuff. For instance, Verdano et al.2 reported that most rotator cuff injuries in these patients 
were partial-thickness rotator cuff tear, which do not lead to significant long-term 
involvement. It is worth mentioning that these authors also evaluated functionality 
using the Constant score and the Simple Shoulder Test and found that 79% of patients 
treated with IN had a good functional outcome. Likewise, Gracitelli et al.7 evaluated the 
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management of proximal humerus fractures with IN and, based on ultrasound, reported 
a high rate of rotator cuff injury (32% with partial tears and 13% with complete tears); 
however, evaluation of long-term function in these patients indicates that these tears 
did not have a clinically significant impact. 

The study by Baltov et al.17 in 111 patients with diaphyseal fractures treated with IN 
found good results on the Constant score in 83.7% of these patients. In addition, that 
study reported the presence of chronic shoulder pain in 10% of the cases, most of which 
resulted from technical errors during surgery, such as intramedullary nail prominence. 
Finally, Muccioli et al.18 evaluated the outcomes of patients with humeral shaft fractures 
treated with third-generation humeral nails and found that rotator cuff injuries were 
rare (12%), so there is no evidence of a difference in the prevalence of these injuries 
with respect to the population that has not undergone IN. However, these authors 
reported that 20% of patients presented symptomatic biceps tendinitis caused by errors 
in surgical technique (nail protrusion).

Since one of the concerns pointed out in the literature is the presence of rotator 
cuff injuries, the use of arthroscopy during this procedure has been proposed and 
described in order to have a direct view of the entry point through the rotator interval, 
evaluate concomitant injuries, and determine a pin height, avoiding its prominence.19 
For example, after using this technique and assessing mobility and functionality up to 
1 year after surgery, Antoni et al.19 reported good functionality (average Constant score: 
73.9; when adjusted for age, the average was 93.5). However, that study does not report 
the symptomatic presence of subacromial impingement or rotator cuff injuries.

According to a meta-analysis and systematic literature review20 comparing minimally 
invasive plate osteosynthesis (MIPO) and IN in the humerus based on data reported 
in seven randomized, observational clinical trials (325 patients treated with MIPO 
and 357 with IN), the MIPO technique shows significantly lower risks of nonunion or 
reoperation, leading to better functional outcomes. It should be noted that the authors 
point out that the learning curve of the MIPO technique should be considered when 
interpreting the results. 

In the present study, patients with humeral shaft fractures treated with antegrade IN had 
no pain or significant impairment of function. Moreover, most patients showed no signs 
of subacromial impingement. Overall, the results of shoulder functionality, as assessed 
by range of motion and QuickDASH score, were satisfactory. On the other hand, fracture 
healing was observed in all patients. It is worth mentioning that one of the patients 
who had comorbidities and advanced age presented shoulder stiffness at the time of the 
follow-up assessment, which limited the evaluation of signs of subacromial impingement.

The reason for the good results achieved and the strengths of this study include the 
use of third generation intramedullary nailing, the performance of surgeries by expert 
orthopedists specialized in major trauma and shoulder surgery, the precise length of 
the nails in the subacromial space, the meticulous management of the soft tissues, as 
well as the careful dissection and suturing of the rotator cuff.

Regarding limitations, the study design (observational and retrospective), the lack 
of comparisons with other fracture fixation methods, and the small sample size do not 
allow extrapolating the results or generalizing the outcomes observed to the context 
of other population groups. In addition, it should be noted that other factors that 
may influence outcomes, such as the need of physical therapy interventions, were not 
standardized for all patients. Finally, it should be considered that it was not possible to 
follow up 22% of the patients since many of them resided in rural areas, so they were 
not able to go to health care centers.
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Conclusions

In the present study, the fixation of humeral shaft fractures by means of IN resulted 
in satisfactory outcomes, with a low frequency of shoulder pain and clinical signs of 
subacromial impingement. 
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