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Background: Tatrogenic supraclavicular nerve injury is frequent during surgical repair of clavicle frac-
tures through a transverse incision. The use of an oblique incision may be a potential approach to avoid-
ing this complication. This study compared the clinical effectiveness of oblique and transverse incisions
in the treatment of fractures in the middle and outer thirds of the clavicle.

Methods: This prospective observational study included patients with fracture of the mid-to-outer third
of the clavicle between August 2011 and August 2016. We allocated the patients into 2 groups based on
their choice of treatment: oblique incision (n = 62) and transverse incision (n = 64). We compared the
following parameters between the 2 groups: operative time, intraoperative blood loss, postoperative frac-
ture healing time, incision size, clinical complications, postoperative subjective satisfaction, and shoul-
der function.

Results: Operative time, postoperative fracture healing time, postoperative shoulder function (Constant-
Murley and disabilities of the arm, shoulder and hand [DASH] scores), and clinical complications did not
differ significantly between groups (all P > .05). The oblique incision group had less intraoperative blood
loss (41.4 4+ 16.4 vs. 65.3 £ 10.4 mL, P <.001) and smaller surgical incisions (3.6 & 1.6 vs. 10.3 £ 2.6
cm, P <.001). The oblique incision group showed better outcomes for postoperative satisfaction (85.5%
vs. 64.1%, P = .015), absence of shoulder numbness at the last follow-up (89.3% vs. 70.3%, P =.010),
and satisfaction with the scar (90.3% vs. 3.1%, P < .001).

Conclusion: Oblique incisions have several advantages over transverse incisions: less bleeding, smaller
incisions, less iatrogenic injury to supraclavicular nerves, and higher patient satisfaction. These 2 ap-
proaches have equivalent effects on recovery of shoulder joint function.
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Clavicle fractures account for 2.6% to 5.0% of all
human fractures, and nearly 80% of clavicle fractures occur
in the middle and outer third segments.'”'® Most clavicle
fractures heal uneventfully without serious consequences
with nonoperative treatment, but several patients with
complex fractures experience residual deformity, impaired
function, or unsightly appearance.'"'> Therefore, surgery
has become the main treatment strategy for displaced
fractures in the middle and outer thirds of the
clavicle, 3121418

Nail fixation is a good option with few complications for
simple fractures®'”'*?° but is not appropriate for commi-
nuted factures, and the anatomic plate is still considered the
first choice treatment method.”*” Precontoured locking
plates have advantageous biomechanical properties and low
complication rates in the elderly,”** but supraclavicular
neuropathy and numbness may occur because of damage to
the supraclavicular nerve.’

The incision can be made longitudinally along the
subcutaneous border of the clavicle or as a necklace
incision along the Langer lines. Although such incisions
achieve satisfactory outcomes, a surgical scar and iatro-
genic injury of the supraclavicular nerve are
possible,' which occurs with a frequency of 10% to
29%.'"" Several authors attempted to use a necklace
incision with a transverse incision to reveal the supra-
clavicular nerve and avoid iatrogenic supraclavicular
nerve injury.”"’

The line running between the condyle tip and the
midpoint of the sternocleidomastoid muscle is located on
the lateral side of the lateral branch of the supra-
clavicular nerve middle group. We used this anatomic
feature to design a new type of incision that is located
where the line joining the lateral border of the condylar
process apex and the posterior border of the sternoclei-
domastoid muscle intersects with the clavicle. The lateral
side of the lateral branch of the supraclavicular nerve
middle group often runs parallel to the location of this
incision, so the use of this oblique incision could theo-
retically reduce damage to the supraclavicular nerve.
We hypothesized that this incision can be performed
easily and would reduce the risk of iatrogenic supra-
clavicular nerve injury. Hence, the aim of the present
study was to examine the effectiveness and clinical
outcomes of the oblique incision and transverse incision
in the treatment of fractures in the middle and outer
thirds of the clavicle.

Materials and methods

Study design and patients

This prospective cohort study enrolled patients with fractures in
the middle and outer thirds of the clavicle treated at the Second
Fuzhou Hospital Affiliated to Xiamen University between August
2011 and August 2016.

The inclusion criteria were: (1) confirmed clavicle fractures in
the middle and outer third, Robinson types 2A2, 2B1, and
2B2;'° (2) >18 years of age; (3) time interval between injury and
surgery <2 weeks; and (4) unilateral clavicle fracture. The
exclusion criteria were: (1) pathological fracture; (2) open frac-
ture; (3) preoperative ipsilateral shoulder and upper limb
dysfunction; (4) multiple fractures; (5) other organ injuries; and
(6) follow-up duration of <12 months.

Grouping

We carefully explained the possible surgical approaches to each
patient and answered all their questions. We explained to the
patients that both surgical procedures can be implemented suc-
cessfully but that there are differences between them. We high-
lighted the following aspects: (1) the traditional transverse
incision results in a large postoperative scar, which can affect
appearance postoperatively; (2) the traditional transverse incision
is associated with the possibility of supraclavicular nerve injury
during surgery, which would result in postoperative sensory
dysfunction in the skin overlying the affected shoulder and upper
chest (with symptoms such as dry skin, keratinization and exfo-
liation, and dysfunction of touch, pain, temperature, and position
sensation); (3) the oblique incision is smaller than the transverse
incision, which may improve postoperative appearance; (4) the
oblique incision is theoretically associated with a lower risk of
supraclavicular nerve injury during surgery; and (5) the oblique
incision is a new technique that is technically more demanding
and thus might be associated with other risks not yet fully char-
acterized, such as a higher risk of plate loosening. The patient
selected the approach he or she preferred.

Intervention

The same team of 3 surgeons (1 senior orthopedist and 2 senior
attending surgeons), all of whom had previous experience of 20
operations using oblique incisions for clavicle fractures, carried
out the surgeries in the oblique incision group. Two groups of
surgeons (4 senior orthopedists and 2 senior surgeons), all of
whom perform more than 50 operations for clavicle fractures
annually, performed the surgeries in the transverse incision

group.
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Figure 1 The oblique incision technique. The oblique incision
is located on the line connecting the lateral border of the condylar
process apex and the posterior border of the sternocleidomastoid
muscle and intersects with the clavicle. The oblique incision can
be extended proximally and distally.

The oblique incision was located along the line between the
lateral border of the condylar process apex and the posterior
border of the sternocleidomastoid muscle and intersected with the
clavicle; the oblique incision could be extended toward the
proximal and distal ends as necessary (Fig. 1). The transverse
incision was parallel to the long axis of the clavicle (Fig. 2). We
used anatomical plates (3.5 mm) in both groups. For both ap-
proaches, we made no specific efforts to look for the supra-
clavicular nerve, and we adopted no specific protective measures
against supraclavicular nerve injury.

For the oblique incision, fracture reduction, and anatomical
plate fixation, we positioned the patient in the beach chair posi-
tion, under general anesthesia and side cervical plexus anesthesia.
We designed a surgical incision (Fig. 1), incised the platysma in
the direction of the incision, and separated the soft tissue in the
gap between the trapezius and deltoid muscles to expose the
fracture. We reset the fracture under direct vision and temporarily
fixed it with a 1.5-mm Kirschner wire. We made a periosteal
detachment along the surface of the clavicle to the proximal end of
the clavicle and placed an appropriate length on the upper surface
of the clavicle. We placed a steel plate along the clavicle through
the incision. The length of the plate had to be at least 3 screws per
proximal end of the fracture. We confirmed the position of the
steel plate using C-arm X-ray. The distal end of the anatomic plate
had to be as close as possible to the distal end of the clavicle. We
used the skin window movement technique to implant ordinary
cortical screws percutaneously, 3.5 mm proximal to the proximal
end of the fracture. We performed fluoroscopy to confirm fracture

Figure 2
incision is located along the subcutaneous border of the clavicle
and can be extended medially and laterally as necessary.

The transverse incision technique. The transverse

reduction and the plate/screw position. We closed the wound after
irrigation without the use of a drain. We provided routine post-
operative treatment and functional exercises.

‘We managed the transverse incision group in the same way as
the oblique incision group, except for the following. We made the
incision (8-12 cm) along the longitudinal axis of the clavicle
around the fractured end (Fig. 2). After electrocoagulation had
been used to fully stop the bleeding, we exposed the broken end of
the fracture, cleaned up the hematoma, and preserved the blood
supply of the soft tissue at the broken end. We removed the broken
end of the fracture under direct vision, placed the bone plate above
the clavicle, and inserted the inner fixing screw. After observing
that the broken end of the fracture was in a suitable position and
the length of the screw was appropriate, we washed and closed the
incision.

Effectiveness assessment

We evaluated the following parameters in both groups: operative
time, intraoperative blood loss, postoperative fracture healing
time, incision size, subjective satisfaction survey, and shoulder
function. We estimated intraoperative blood loss by weighing the
gauzes before and after surgery (we considered 1 g of blood to
represent 1 mL of blood); the amount of blood in the aspirator
bottle was added. We defined the healing time of the fracture as
the time from surgery to the time when the clavicle was locally
pain free and percussive pain free and the patient was able to
maintain a 1 kg weight for 1 minute with the upper extremity
extended. The imaging index for fracture healing was callus
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spanning 50% of the fracture end. We measured the incision size
when the stitches were taken out.

We evaluated shoulder joint function based on the Constant-
Murley and DASH scores. We conducted a subjective patient
satisfaction survey using a questionnaire that included the
following items: (1) Did you experience numbness in your
shoulder or anterior chest after surgery (yes/no)? (2) Do you
currently feel numbness in your shoulder or anterior chest (severe/
obvious/moderate/slight/no)? (3) Are you satisfied with the
appearance of the scar (satisfied/unsure/dissatisfied)? (4) Are you
generally satisfied with this surgery (satisfied/unsure/dissatisfied)?

Follow-up

The follow-up time points were 1, 2, 3, 6, 12, 18, and 24 months,
and then yearly for a total of 5 years.

Statistical analysis

We performed the statistical analysis using SPSS 20.0 (IBM,
Armonk, NY, USA). We used the Shapiro-Wilk test to determine
whether continuous data were normally distributed. Age, operative
time, intraoperative blood loss, time of fracture healing, incision
size, DASH score, and Constant-Murley score were found to be
normally distributed and are presented as the mean + standard
deviation. We analyzed continuous data with equal variances
using the independent-samples #-test, and continuous data with
unequal variances using the Satterthwaite #’-test. We analyzed
categorical data using the chi-squared test. We performed linear
regression analysis to identify factors influencing DASH scores
and surgical blood loss. We considered P < .05 to indicate a
statistically significant difference.

Results
Characteristics of the patients

We screened 176 patients for participation between August
2011 and August 2016, and we enrolled 138 patients in the
study: 67 in the oblique incision group and 71 in the
transverse incision group (Fig. 3). We included 126 patients
with sufficient follow-up in the final analysis: 62 in the
oblique incision group (follow-up time: 2.8 £ 1.5 years)
and 64 in the transverse incision group (follow-up time: 2.7
+ 1.4 years) (Fig. 3). Age, sex, body mass index, follow-up
duration, injury-to-operation time, fracture classification,
and cause of injury were not significantly different between
the 2 groups (Table I).

Surgical characteristics

There were no significant differences between the 2 groups
in terms of operation time, fracture healing time, DASH
score, and Constant-Murley score. The surgical incision
was significantly smaller in the oblique incision group than
in the traditional transverse incision group. Intraoperative

blood loss was significantly different between the 2 groups
(Table 1I).

Follow-up

The final function of the shoulder and upper limbs was
not related to gender, age, dominant upper limb, type of
fracture, or surgical method (all P > .05). The amount of
bleeding was not associated with gender, age, and body
mass index (P > .05). The amount of bleeding was
associated with the surgical method and the type of
fracture. The amount of bleeding was smaller in the
oblique incision group than in the transverse incision
group. Blood loss was greater for more complicated
fracture types (Table III).

Complications

Complications occurred in 8 of 62 patients in the oblique
incision group (a complication rate of 12.9%). The com-
plications included poor wound healing (n = 2), and
loosening of the internal fixation requiring shoulder
immobilization for fracture healing (n = 2). The functional
scores of 3 patients were lower than those of the other
patients. The internal fixation caused local symptoms in 4
patients, but without infection and nonunion.

Eleven of the 64 patients in the transverse incision group
had complications (a complication rate of 17.2%): poor
wound healing (n = 2), postoperative superficial tissue
infection (n = 4), and local symptoms from the internal
fixation, but without internal fixation loosening and healing
failure (n = 5). There was no significant difference between
the 2 groups in complication rate (P = .502).

Patient satisfaction

The results of the questionnaire assessing numbness in the
shoulder or chest area and patient satisfaction were better in
the oblique incision group than in the transverse incision
group (Table IV).

Discussion

The use of an oblique incision may be a potential approach
to address iatrogenic supraclavicular nerve injury and poor
cosmetic appearance. Therefore, the aim of the present
study was to compare the clinical effectiveness of oblique
and transverse incisions in the treatment of fractures in the
middle and outer thirds of the clavicle. The results showed
that oblique incisions have several advantages over trans-
verse incisions: less bleeding, smaller incisions, less injury
to iatrogenic supraclavicular nerves, and higher patient
satisfaction. These 2 treatments have equivalent therapeutic
effects on shoulder joint function recovery.



1312

R. Li et al.

Clavicle fractures in the middle and outer 1/3 parts (n=176

Case exclusion criteria (n=38)
Pathological fracture (n=2)

Open fracture patients (n=3)

The Robinsion 2A1 type fracture (n=13)
Preoperative ipsilateral shoulder and upper
limb dysfunction (n=5)

Multiple fractures (n=9)

With other organ injuries (n=6)

v

Grouping according to patients’ will (n=138)

!

Obilque incision group (n=67)

Withdraw (5 case)
Death after operation within 1year (1case)
Severe internal disease within 1years (1 case

Non-compilant patients (3 cases)

Included patients (n=62)

Figure 3

Steel plates are considered a “gold standard” treatment
for midclavicular fractures”' and can provide rigid fixation
and strong antirotation stability.”*”> Plate treatment of
fractures in the middle and outer thirds of the clavicle
yields good results,””* Anatomically locking reconstructive
steel plates have biomechanical advantages for the healing
of fractures because they can be used to pressurize the
fracture ends to promote healing.”***

Table I  Characteristics of the patients

v

Transverse incision group (n=71)

Withdraw (7 case)
Severe internal disease within 1years (2 case)

Non-compilant patients (5 cases)

Included patients (n=64)

Study flowchart.

Transverse incisions are usually used in the treatment of
fractures of the middle and outer thirds of the clavicle, but
these incisions are usually long (10.3 4+ 2.6 cm in the
present study), leading to more extensive surgical trauma
and bleeding and a higher risk of supraclavicular nerve
injury. The use of a transverse incision was associated with
high rates of postoperative traumatic neuroma formation
and numbness/discomfort of the skin overlying the shoulder

Obligue incision (n = 62) Transverse incision (n = 64) P

Age (yr) 35.9 £+ 10.3 37.6 £ 11.0 .393
Sex: male (n, %) 37, 59.7 40, 62.5 .901
Body mass index (kg/m?) 24.1+2.9 24.0 £ 2.9 473
Follow-up (yr) 2.8 £ 1.5 2.7 + 1.4 .699
Dominant hand (n, %) 27, 43.5 31, 48.4 .582
Duration (injury to surgery, d) 4.6 £1.5 3.5+ 1.6 .586
Fracture (Robinson type, n, %) .626

2A2 14, 22.6 11, 17.2

2B1 30, 48.4 30, 46.9

2B2 18, 29.0 23, 35.9
Injury causes (n, %) .694

Motorcycle injury 21, 33.9 24, 38.1

Bicycle injury 14, 22.6 18, 28.6

Sports injury 17, 27.4 13, 20.6

Others 10, 16.1 8, 12.7
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Table II  Surgical characteristics of the patients
Obligue incision (n = 62) Transverse incision (n = 64) P

Surgical time (min) 60 £+ 11 61 £ 8 .582
Intraoperative blood loss (mL) 41 £ 16 65 + 10 <.001"
Fracture healing time (mo) 45+ 1.6 4.7 + 1.4 .456
Incision size (cm) 3.6 £ 1.6 10.3 £+ 2.6 <.001
DASH score 6.7 £ 2.1 7.3 £ 1.8 .066
Constant-Murley score 88.0 £ 5.4 87.2 £ 4.2 .348
Complications (n, %) 8, 12.9 11, 17.2 .502

Poor wound healing 2 2

Loosening of the internal fixation 2 0

Local symptoms caused by internal fixation 4 5

Postoperative superficial tissue infection 0 4

DASH, disabilities of the arm, shoulder and hand.

* The differences in bleeding between the 2 groups were determined using the Satterthwaite t'-test.

and thorax. In the transverse incision group, the incidence
of supraclavicular nerve injury was as high as 85.9% (55 of
64) at 1 month after the operation, and 30.0% (19 of 64) of
patients had symptoms of supraclavicular nerve injury at
their final follow-up. The incision size (3.6 + 1.6 cm) and
bleeding amount (41.4 4+ 16.4 mL) in the oblique incision
group were significantly smaller than the corresponding
values in the transverse incision group. Our results strongly

suggest that the rate of postoperative supraclavicular nerve
injury in the oblique incision group was only 21.0% (13 of
62) and that the rate of residual supraclavicular nerve
symptoms at the last follow-up was 8.1% (5 of 62).
Considering the anatomical variations of the supra-
clavicular nerve during surgery and the intraoperative ten-
sion, the oblique and transverse incision groups differed
significantly in the occurrence of supraclavicular nerve

Table III  Constant-Murley score, DASH score, and intraoperative blood loss analysis
Regression coefficient P
Constant-Murley score
Sex (female vs. male) 1.044 .260
Age —0.069 .080
Dominant hand (yes vs. no) —1.782 .061
Fracture type
(2B1 vs. 2A2) —1.647 172
(2B2 vs. 2A2) —2.115 125
Surgery (oblique incision vs. transverse incision) —0.613 475
DASH score
Sex (female vs. male) 0.143 .703
Age 0.016 323
Dominant hand (yes vs. no) 0.582 .130
Fracture type
(2B1 vs. 2A2) 0.337 490
(2B2 vs. 2A2) 0.942 .092
Surgery (oblique incision vs. transverse incision) 0.557 111
Intraoperative blood loss
Sex (female vs. male) 2.457 .267
Age —0.194 .074
Dominant hand (yes vs. no) 0.114 .759
Fracture type
(2B1 vs. 2A2) 16.299 <.001
(2B2 vs. 2A2) 22.582 <.001
Surgery (oblique incision vs. transverse incision) 23.020 <.001

DASH, disabilities of the arm, shoulder and hand.
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Table IV  Patient satisfaction

*

Variable Oblique incision Transverse incision P
Postoperative shoulder or chest numbness <.001
Yes 13 (21.0) 55 (85.9)
No 49 (79.0) 9 (14.1)
Current shoulder or chest numbness .010
Yes 3 (4.8) 8 (12.5)
Slight 2 (3.2) 11 (17.2)
No 54 (89.3) 45 (70.3)
Satisfaction of the scar <.001
Yes 56 (90.3) 2 (3.1)
Unsure 3 (4.8) 36 (56.3)
No 3 (4.8) 26 (40.6)
Satisfaction for this surgery .015
Yes 53 (85.5) 41 (64.1)
Unsure 6 (9.7) 11 (17.2)
No 3 (4.8) 12 (18.8)

Data are presented as n (%).
* The chi-square test was used to compare the 2 groups.

injury. Nevertheless, both approaches resulted in similar
fracture healing time, DASH score, Constant-Murley score,
and clinical complication rates. The overall satisfaction was
higher in the oblique incision group than in the transverse
incision group. Hence, despite similar biomechanical and
complication outcomes, we believe that the lower occur-
rence of iatrogenic supraclavicular nerve damage and the
smaller incisions in the oblique incision group are clinically
significant.

In our study, the size of the oblique incision was smaller
than that of the transverse incision. An oblique incision of
this size would only be suitable for fractures in the middle
segment of the clavicle and would not be suitable for
fractures of the lateral and medial ends of the clavicle.
However, the length of the incision (proximal and distal)
and the position of the incision (medial to lateral) could be
adjusted as necessary to accommodate the fracture type,
fraction location, and length of plate required. Thus, the
surgical technique could potentially be adapted to allow
management of fractures of the lateral and medial ends of
the clavicle.

Another issue that requires consideration is that the
use of an oblique incision is a more demanding surgical
technique with regard to plate positioning and screwing.
The collarbone is an irregular bone, and the curvatures of
the proximal and distal concaves of the clavicle are not
always the same among individuals. Surgeons without
experience in this approach may find it difficult to place
the steel plate. Thus, the oblique incision might be
associated with a higher risk of plate loosening. Although
there was no significant difference between groups in
overall complication rate, it was noticeable that loosening
of the internal fixation occurred in 2 patients in the

oblique incision group and no patients in the transverse
incision group. Because of the small sample size of this
study, a larger-scale study is needed to confirm whether
or not an oblique incision is associated with a higher risk
of internal fixation loosening as compared with a trans-
verse incision. Our experience is that the beach chair
position is better than the supine position for placement
of the steel plate, because the fracture ends can be reset
under direct vision. After satisfying reduction, a Kirsch-
ner wire is used for temporary fixation® and an
anatomical plate is placed along the upper surface of the
clavicle from the distal end to the proximal end.

In summary, compared with the traditional transverse
incision, an oblique incision has the following advantages
in the treatment of midclavicular fracture: (1) small in-
cisions in the range of 2 to 5 cm, which can significantly
reduce postoperative wound skin contracture and scar size,
allowing the patient to easily conceal the scar with clothing;
(2) reduced supraclavicular nerve injury and postoperative
numbness, because the direction of the oblique incision is
essentially parallel to that of the lateral branch of the
supraclavicular nerve and away from the middle and medial
branches; (3) adoption of the skin window movement
technique during the operation; and (4) the incision is
located in the middle and outer thirds of the clavicle and is
obliquely shaped, enabling the midclavicular fractured ends
to be well revealed and reset temporarily.

Of course, the present study is not without limitations.
The sample size was small and from a single hospital.
Different teams of experienced surgeons operated on the
patients in the 2 groups. Finally, the patients were able to
choose which surgical approach was used, so we did not
randomize patients to the study groups; this may have



Oblique incisions for clavicle fractures

1315

introduced some selection bias. Additional studies with a

more robust design are necessary to confirm our results.

Conclusion

Compared with transverse incisions, oblique incisions
have several advantages: less bleeding, smaller in-
cisions, less injury to iatrogenic supraclavicular nerves,
and higher patient satisfaction. These 2 treatments have
equivalent therapeutic effects on shoulder joint function
recovery.
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