
Objective: Humeral shaft fractures face with controversies about the entry site of intramedullary nailing (IMN) due to its potential 
complications. We aimed to evaluate feasibility of arthroscopy-assisted intramedullary nail fixation for the management of these fractures 
with respect to its mid-term clinical and functional outcomes, complication rates of nail entry site, and fluoroscopy duration.

Methods: We examined medical data of 21 patients who underwent arthroscopy-assisted IMN after closed reduction upon diagnosis of 
humeral shaft fracture. Analyzed parameters included duration of anesthesia, surgery, fluoroscopy, preoperative hospitalization, and union; 
surgical complication rates; and the degree of lateralization between ideal and applied nail entry site, as measured by shoulder computed 
tomography scans. Shoulder functions were assessed by Constant and American Shoulder and Elbow Surgeons (ASES) scoring.

Results: Patients were found to be followed up for a mean of 22.8±4.76 months. The mean duration of surgery was 56.9±14.27 minutes. The 
mean fluoroscopy time was detected as 1.63±0.49 minutes. Distal locking was performed without fluoroscopy (electromagnetic targeting or 
internal locking nail) in 15 patients and with free hand method under fluoroscopy in six patients. The mean duration of fluoroscopy in these 
techniques were 1.47±0.41 minutes and 1.91±0.52 minutes, respectively. No patient was found to have subacromial impingement syndrome. 
The mean lateralization of nail entry sites was measured as 0.61±0.73 mm. The mean degree of varus was 2.38±1.18. The mean ASES and 
Constant scores were found as 89±2.81 and 90±4.59 points,respectively. Excellent/good functional outcomes had been reported by 90.5% of 
the study population. 

Conclusion: Arthroscopy-assisted technique may minimize rotator cuff injury and thereby may provide satisfactory outcomes in postoperative 
shoulder functions. This technique may be a feasible and safe option associated with reduced entry site complications and potentially less 
exposure to radiation from shorter use of fluoroscopy.
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INTRODUCTION
Humeral shaft fractures constitute 5-8% of all extremity fractures 

with an annual incidence of 13/100.000. These fractures are 

managed with either conservative or surgical approaches (1). 

While the former includes functional bracing, spica cast, Velpeau 

bandage, and coaptation splint; surgical approaches are plate-

screw fixation, intramedullary nailing, and external fixator (1,2).

In humeral fractures, antegrade intramedullary nailing (IMN) 

has the advantages of minimally invasive fashion, rapid fracture 

healing, lower iatrogenic radial nerve damage. On the other 

hand, it might also cause long-term shoulder dysfunction after 

injury to rotator cuff and cartilage at the entry site. The fact that 

the proximal nail may stay within the joint could impair shoulder 

functions due to subacromial impingement and rotator cuff 
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irritation, increasing the need for nail removal. Other drawbacks 
of intramedullary nails include iatrogenic fractures during IMN 
and radiation exposure due to fluoroscopy (3-5).

In this study, we aimed to evaluate feasibility of the arthroscopy-
assisted IMN of the humerus in terms of entry site complications 
and duration of fluoroscopy.

METHODS 
After obtaining approval from local ethics committee (Okmeydanı 
Training and Research Hospital 19.12.2017-789), medical 
records of 21 patients who underwent arthroscopy-assisted 
antegrade humeral IMN fixation upon surgical indication due 
to the diagnosis of humeral shaft fracture between January 
2015 and September 2017 were retrospectively reviewed in 
this study. Informed consent was obtained from all individual 
participants included in the study. Included patients had to have 
clinical and radiological documentation of humeral diaphyseal 
fracture where the surgery was indicated with following criteria: 
shortening of >3 cm, >30° angulation at coronal plane, and 
>20° angulation at sagittal plane. Patients with open epiphyseal 
lines at the proximal humerus, infected fractures, Gustilo-
Anderson type 3 open fractures, multiple fractures, and fractures 
where open reduction was performed were excluded.

Medical data of the patients were collected by reviewing medical 
records, operating room records, arthroscopy and fluoroscopy 
image recordings, plane X-ray and computed tomography 
images taken during outpatient visits, and physician- or patient-
reported shoulder functions as assessed by Constant and ASES 
scores.

Implanted nails were belonged to two different companies. 

Fourteen patients had been implanted Trigen humeral nail 

of Smith and Nephew. Six of these patients underwent nailing 

by distal locking under fluoroscopic guidance with free hand 

method. For the remaining eight patients, distal locking was 

performed without fluoroscopy by using electromagnetic 

targeting (Smith and Nephew-Sureshot). Seven patients had 

been implanted TST’s InsafeLock humerus nail. Distal locking of 

this nail was performed via using elastic, threaded pin system 

which was advanced through the nail. Fluoroscopy was not used 

for distal locking in these patients.

Surgical Technique

Intravenous cefazolin prophylaxis was administered for a total 

of 24 hours with the initial dose one hour before the surgery. 

All patients were prepared in lawn chair position under general 

anesthesia. Fluoroscopy device and arthroscopy tower were 

positioned to be suitable for surgery. Following the essential 

sterilization and covering procedures, anatomic markers and 

fracture line were determined with marker pen on the side to be 

operated. The surgery was started with the incision performed 

through the inferomedial and posterior of the lateral edges of 

the spine of scapula, through which posterior arthroscopic port 

was inserted to visualize the joint. In order to determine the 

entry site of the nail, a 2.2 mm Kirschner wire was introduced 

percutaneously over the joint cartilage about 20 mm medial to 

the greater tubercle posterior to the biceps tendon (1.5 cm distal 

to the anterolateral border of the acromion) under the guidance 

of fluoroscopy, targeting humeral shaft and intramedullary 

cavity (Figure 1).

Figure 1. Percutaneous insertion of the guidewire after identifying the entry site (left) and arthroscopic image of the inserted guidewire to the entry 
site (right)
HB: Humeral head, RM: Rotator cuff
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After arthroscopic and fluoroscopic verification, a mini skin 
incision of approximately 2 cm was made at the level of the 
K-wire. Deltoid fibers were passed through blunt dissection to 
reach at the supraspinatus muscle. Supraspinatus muscle was 
separated by a 10 mm incision which was parallel to its tendon’s 
extension. A cannulated drill was sent over K-wire to the proximal 
humerus. One guidewire was sent from the drilled part to pass 
through the fracture line. After fracture reduction was confirmed 
under fluoroscopy; humeral medulla was reamed with flexible-
bendable reamers. Afterwards, intramedullary humeral nail was 
inserted in appropriate diameter and length.

After arthroscopically ensuring that the proximal part of the nail 
was embedded to the joint cartilage, not leading to subacromial 
impingement, the proximal nail was locked by two screws 
delivered over the external guide. The heads of these screws 
were arthroscopically confirmed not to penetrate the joint 
cartilage (Figure 2A). In patients where internal locking nail had 
not been used, distal locking was performed with two screws 
via mini incision (with or without fluoroscopy depending on 
the brand/model of the nails used). Top screw was inserted 
under arthroscopic guidance. Finally, it was ensured that 
the proximal part of the nail was not within the joint cavity 
(Figure 2B). Afterwards, supraspinatus muscle was repaired 
with an unabsorbable suture followed by suturing of the skin. 
The joint was irrigated through arthroscopic port to eliminate 
intraarticular debris before the arthroscopic entry site was closed 
with unabsorbable suture, and the surgery was terminated.

Statistical Analysis

The suitability of the data to the normal distribution was tested 
with Shaphiro-Wilk test, Student’s t-test was used for comparison 

of features with normal distribution in 2 independent groups, 

and Mann-Whitney U test was used for comparison of normal 

distribution with 2 independent groups. The variables with 

categorical measurements were analyzed by Pearson and 

Fisher’s exact chi-square tests. Descriptive statistics are given 

as mean ± standard deviation for numerical variables and 

number and % values for categorical variables. SPSS Windows 

version 24.0 package program was used for statistical analysis 

and p<0.05 was considered statistically significant.

RESULTS
The study included 11 male and 10 female patients. The 

mean age was found to be 70.66±17.5 years. The mean 

follow-up period was 22.8±4.76 months. The mechanisms of 

injury showed the most common etiology to be the fractures 

occurring after simple fall in 13 patients. One patient (4.7%) had 

preoperative radial nerve deficit which was improved during 

the follow-up. One patient had superficial wound infection 

in the postoperative period and treated with intravenous 

antibiotics.

The fractures of the patients were grouped according to AO 

fracture classification, where four different fracture types were 

determined. The distribution of the groups was determined as 

nine patients for A1, six patients for A2, and three patients for 

each of A3 and B1.

The mean preoperative duration was detected as 3.19±1.83 

days. The mean duration of the surgery and anesthesia was 

56.9±14.27 minutes and 82.57±14.44 minutes, respectively. The 

mean time for union was found as 18.12±3.01 weeks.

Figure 2. A) In arthroscopic view, the nail was inserted into the humerus. The line on the image belonged to the external guide, showing that the nail 
was completely within the joint (left). B) The black ring showed the entry site of the nail postoperatively, with the nail completely inside the joint, in 
arthroscopic view (right)
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One patient was found to be operated due to delayed union 

after conservative approach. Twenty patients underwent surgery 

due to primary fracture. Distal locking was performed without 

fluoroscopy in 15 patients and with free hand method under 

fluoroscopy in six patients. The mean duration of fluoroscopy 

in these techniques were 1.47±0.41 minutes and 1.91±0.52 

minutes, respectively; while the overall duration of fluoroscopy 

was 1.63±0.49 minutes.

No patient was found to have subacromial impingement 

syndrome due to positioning of the proximal nail superior to 

the level of cartilage surface. The mean length of lateralization 

between ideal and applied nail entry site, as measured by 

shoulder computed tomography axial images, was 0.61±0.73 

mm. No patient was found to develop valgus deformity after 

reduction. The mean degree of varus was 2.38°±1.18°. The mean 

antero-posterior angulation was 2.54°±1.22°. The mean ASES 

and Constant scores were found as 89±2.81 and 90±4.59 points, 

respectively. Constant scoring was detected to reveal excellent/

good functional outcomes in 90.5% of the study population.

The effects of the distal locking performed with free hand 

method or without fluoroscopy on total fluoroscopy time were 

also compared. There was no significant difference between 

the two methods (p=0.107). There was also no statistically 

significant difference between distal locking methods in terms 

of the duration of the surgery (p=0.482). The mean time of 

fluoroscopy was determined to be longer in AO type A3 fractures 

than that in AO type A1, type A2, and type B1 fractures. The 

association between the mean length of lateralization of the 

entry site and the mean degree of postoperative varus was found 

as statistically significant (p=0.005) and Pearson test showed 

positive correlation (r=0.351), (Figure 3).

DISCUSSION
A major disadvantage of the intramedullary nails is the need for 

fluoroscopy, which poses a risk for surgeons and other operating 

room staff during the surgical procedure (6). Mean times of 

fluoroscopy used in IMN vary between 2-4.6 minutes in humeral 

fractures (6-8). Franck et al. (9) in their study with expandable 

humerus nailing, reported the mean duration of fluoroscopy to 

be 1.5 minutes, concluding it to be very short while proximal 

and distal locking were not performed. In our study, the mean 

duration of fluoroscopy used during the surgery was 1.63 

minutes. In order to determine nail entry site, to drill its proximal 

part, and to ensure whether proximal nail and proximal locking 

screws penetrate the joint during arthroscopic-assisted humeral 

nailing, using a camera might decrease the need for fluoroscopy. 

In this context, arthroscopy-assisted IMN may be associated with 
reduced radiation exposure to the operating room staff and the 
patient.

Fluoroscopy-guided locking techniques applied during distal 
locking of intramedullary nails also substantially prolong 
the surgery time and increase the amount of radiation being 
exposed. The duration of fluoroscopy can be reduced by using 
electromagnetic targeting during distal locking (10). The mean 
fluoroscopy time of 15 patients to whom distal locking was 
performed without fluoroscopy was 1.47 minutes, compared to 
that of 1.91 minutes in those to whom distal locking was performed 
with free hand method; where no significant difference was 
found. On the other hand, AO types A3 fractures were determined 
to have significantly prolonged fluoroscopy than that in other 
types of fractures. We partly attribute the lack of the differential 
effect of distal locking methods on fluoroscopy time to potential 
two factors. First, the failure to record the fluoroscopy duration in 
those where only distal locking was performed did not allow us 
to make a statistical comparison in fluoroscopy time. In addition, 
fracture types influenced the fluoroscopy time in varying degrees. 
We suggest that incorporation of fluoroscopy-free distal locking 
to the arthroscopy-assisted IMN could further reduce radiation 
exposure.

Several studies reported mean duration of surgery in antegrade 
humerus nailing to vary between 50.8 to 78 minutes (2,3,6-
8,11,12). In our study, we determined that the average duration 
of surgery was 56.9 minutes. It might be suggested that 
arthroscopy, as an additional procedure to standard antegrade 
nailing, may not be associated with prolonged operation time 
during arthroscopy-assisted IMN.

Figure 3. The association between the degree of postoperative varus 
and the length of lateralization of the nail on CT axial images
CT: Computed tomography



112

Yüce et al. Arthroscopy-assisted Intramedullary Nailing of Humeral Fractures Eur Arch Med Res 2020; 36 (2):108-14

The incidence of iatrogenic greater tubercle fractures during 

antegrade nailing is 2-11%. It occurs when the entry site of the 

rigid nail remains at the lateral. During nailing, while the tip of 

the nail is based on the medial cortex of the humerus, the nail 

makes a pressure on the lateral cortex of the humerus due to the 

leveraging effect of the acromion; which may result in fractures 

of the greater tubercle (3,8). In our study, no iatrogenic tubercle 

fracture was detected. Mean length of lateralization between 

the ideal and applied nail was measured as 0.61 mm, where 

the nails appear to be inserted to the proper position with a 

likely negligible deviation. Arthroscopic technique may provide 

the benefit of accurate identification of the entry site by direct 

visualization, which might be associated with the prevention of 

intraoperative greater tubercle fractures.

IMN of the humerus may be complicated with varying degrees 

of varus angulation that may cause functional impairment (3). 

Primary malalignment is largely the result of an unsuitable 

entry site or a fracture site malreduction (13). A nail insertion 

from the correct entry point should automatically ensure cortical 

alignment of the fracture (14). In our study, anteroposterior and 

lateral radiographs of the patients did not show valgus. On the 

other hand, angulations found at coronal (2.38°) and sagittal 

(2.54°) planes could be regarded as negligible in cosmetic and 

functional aspects. This could be explained by correct positioning 

of the nails to entry sites in all patients. Arthroscopy-assisted IMN 

might be associated with reduced rates of primary malalignment 

due to the inappropriate nail entry sites (Figure 4).

The duration of union after antegrade nailing ranged between 

6.7 weeks to 13.9 weeks (2,6,15). In our study, the mean union 

time was 18.12±3.01 weeks, which seem to be several weeks 

longer than those reported in the literature. In our study, 61.9% 

of the patients had fractures after simple falls and the mean age 

was 70.66 years. We attribute prolonged union detected in our 

study partly to advanced age and osteoporosis.

Remaining of the proximal of the nail under or within the 

rotator cuff has been associated with several complications, 

including shoulder pain and subacromial impingement (3,16). 

Baltov et al. (3) reported shoulder complaints and delay in 

resuming shoulder and usual arm functions in 7.2% of their 

cases secondary to positioning of the proximal nail within the 

joint. They also reported subacromial impingement due to 

insufficient embedment of the nail in 10.8% of patients, and 

shoulder problems due to compression caused by the head of 

the proximal locking screw in 4.5%. The authors also reported 

the need for additional surgical procedures for these problems. 

In our study, no proximal part or proximal locking screw of the 

nail was within the joint. We believe that arthroscopy-assisted 

IMN may be associated with reduced rates of the subacromial 

impingement owing to direct joint visualization.

Fan et al. (2) reported mean Constant score as 90.2 and ASES score 

as 90.4 in their IMN patients. Campochiaro et al. (17) reported 

mean Constant score as 90.6 points, which they suggested as 

very satisfactory. Rajagopal et al. (18) found mean Constant 

score as 90.5 points, and reported excellent-good outcomes in 

95% of their patients. The mean ASES score was reported 93.3 

points by these investigators. Several factors could yield better 

should functions by reducing rotator cuff-related problems 

and iatrogenic shoulder pain: use of a medial entry site away 

from the avascular region of the rotator cuff, a delicate surgical 

dissection, a thorough embedment of the nail into the humerus, 

gentle progressive drilling, correct entry point, minimal injury to 

the rotator cuff, proper insertion of the nail tip, and removal of 

Figure 4. Axial section of the computed tomography of a patient in the postoperative period showing that the nail is at the appropriate insertion 
point, marked with an “X” (left). The postoperative X-ray of the same patient, where the varus was measured as 0.63° (right)
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the intraarticular debris (18,19). In our study, the mean Constant 
score was 90 points and 90.5% of patients had excellent-good 
functional outcomes. On the other hand, the mean ASES score 
was 89. In light of these findings, arthroscopy-assisted IMN could 
provide several advantages such as reduced rotator cuff injury 
during humeral drilling and nail insertion, accurate entry point, 
irrigation and removal of intraarticular debris postoperatively, 
and lack of rotator cuff irritation by the nail; which might be 
associated with sufficient level of shoulder functions and 
reduced need for physical therapy postoperatively.

Axillary nerve deficit due to long proximal skin incision is also a 
rare complication of antegrade nailing reported in the literature 
(20). In our study, no axillary nerve damage was observed. The 
surgical incision in arthroscopy-assisted IMN is short enough for 
the nail to pass and ends far away from the axillary nerve level, 
which could prevent against any potential axillary nerve injury.

Arthroscopy has been reported have several complications, 
including the risk of intraarticular and extraarticular infections, 
respiratory problems due to fluid extravasation, skin necrosis, 
neurovascular damage, iatrogenic tendon and deltoid injury, 
shoulder rigidity, and chondrolysis (21-23). In our study, we did 
not detect any complications related to shoulder arthroscopy. 
Considering that arthroscopy-assisted IMN is a combined 
procedure that incorporates antegrade humeral nailing and 
shoulder arthroscopy, the possibility of the complications 
pertaining to the latter will always exist, which might be regarded 
as a drawback.

The shortcomings of the study were retrospective and the fact 
that arthroscopy-assisted nailing could not be compared with 
standard antegrade intramedullary nailing. In addition, the only 
missing part is that the fluoroscopy times cannot be recorded 
and compared during distal locking.

CONCLUSION
It appears that arthroscopy-assisted technique has the potential 
to minimize rotator cuff injury compared to the conventional 
antegrade approach, which in turn, provides satisfactory 
outcomes in postoperative shoulder functions. It may further 
reduce entry site complication rates and radiation exposure 
from the use of fluoroscopy. Therefore, we believe arthroscopy-
assisted IMN to be a feasible and safe method for humeral shaft 
fractures.
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