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Background: Clavicle fractures are a common type of fracture, and the treatment of clavicle shaft fractures involves various im-
plant options and approaches. This study aimed to compare the clinical and radiological outcomes of surgical treatment using the
minimally invasive technique versus open reduction plate osteosynthesis with a superior clavicle plate featuring lateral extension
for clavicle shaft fractures.

Methods: This retrospective case-control study included 70 consecutive patients who underwent surgery for displaced clavicle
shaft fractures between March 2022 and August 2023: group M (n = 20), which underwent a minimally invasive technique, and
group C (n = 41), which underwent open reduction plate osteosynthesis. Clinical outcomes, visual analog scale scores, Constant
scores, and hypoesthesia in the area supplied by the superior clavicular nerve were assessed 1 year postoperatively. The time to
clinical bone union was also measured from surgery to tenderness resolution. Radiological evaluation included assessment of the
number of fracture fragments, measurement of the fracture gap interval, and determination of the time to radiographic bone union.
Intraoperative exposure time using the C-arm was also recorded.

Results: We observed no significant differences in clinical outcomes and the bone union rates between the 2 groups. However,
compared to group C, group M showed a shorter operation time (p = 0.004), less blood loss (p < 0.001), and a lower incidence of
hypoesthesia (p < 0.001). Compared to group C, group M had a longer time to achieve radiologic bone union (p < 0.001); however,
there was no difference in the clinical bone union time between the 2 groups. Regarding complications, there were 9 cases of hy-
poesthesia in group C and 1 case of nonunion in group M.

Conclusions: This minimally invasive technique, using a superior clavicle plate with lateral extension for clavicle shaft fractures,
achieved clinical outcomes and bone union rates that were comparable to those of open reduction plate osteosynthesis, while also
offering the advantages of shorter operation time, reduced blood loss, and a lower risk of hypoesthesia.

Keywords: Clavicle shaft fracture, Superior clavicular nerve, Superior clavicle plate with lateral extension, Working length, Mini-
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Clavicle fractures are a common type of fracture, account-
ing for approximately 2%-5% of all adult fractures.” The
majority of these fractures occur in the shaft of the clav-
icle."” To prevent complications such as nonunion, mal-
union, and shortening, treatment of clavicle shaft fractures
has shifted toward surgical intervention.*

The treatment of clavicle shaft fractures involves
various implant options and approaches, which are se-
lected based on the fracture’s pattern and severity.”* In
fracture fixation, the plate’s length and working length are
critical for stability,”'” and extending fixation to the short,
flat distal clavicle is suggested to ensure adequate support
and stabilization. However, commonly used pre-contoured
clavicle shaft plates presented challenges in fully utilizing
this anatomy when we used them. To address this limita-
tion, we implemented a superior clavicle plate with lateral
extension (Fig. 1), which facilitates adequate screw place-
ment in the distal clavicle region. This plate design pro-
vides sufficient length and mechanical stability, rendering
it particularly efficacious for open reduction and internal
fixation procedures in clavicular shaft fractures.

Fig. 1. The gross features of the superior clavicle plate. A pre-contoured
clavicle shaft plate (top) and a plate with lateral extension (bottom) are
shown. The extended portion is marked with a white circle.

Surgical treatment for clavicle fractures often in-
volves open reduction and internal fixation; however, this
approach can disrupt periosteal biology and cause numb-
ness in the clavicle area due to supraclavicular nerve dam-
age.""'"” Furthermore, with comminuted fractures occur-
ring in about 10%-15% of clavicle shaft fractures,” open
reduction may not always be suitable. Therefore, mini-
mally invasive plate osteosynthesis (MIPO) has gained at-
tention for clavicle fracture surgeries, as it involves smaller
incisions and can reduce the risk of hypoesthesia.'*"®
The use of a superior clavicle plate with lateral extension
in MIPO could offer significant advantages, although
the safety and efficacy of this plate for fixation using the
MIPO technique have not yet been established.

The present study aimed to compare the clinical
and radiological outcomes of surgical treatment using the
MIPO technique versus open reduction plate osteosynthe-
sis with a superior clavicle plate and lateral extension for
clavicle shaft fractures. We hypothesized that the MIPO
technique, when used with a superior clavicle plate and
lateral extension, would provide union rates, clinical out-
comes, complication rates, and radiologic outcomes that
are comparable to those of open reduction osteosynthesis,
while reducing blood loss and hypoesthesia.

METHODS

The Institutional Review Board of Severance Hospital ap-
proved this study (IRB No. 4-2024-0831) and waived the
requirement for informed consent due to the retrospective
nature of the study.

Study Population

This retrospective case-control study included 70 consecu-
tive patients who underwent surgery for displaced clavicle
shaft fractures that were reviewed between March 2022
and August 2023. Clavicle shaft fractures classified as AO
Foundation/Orthopaedic Trauma Association (AO/OTA)
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type 15.2 B and C were included in this study. The partici-
pants were divided into 2 groups according to the surgical
technique used, with group M (minimally invasive) un-
dergoing the MIPO technique and group C (conventional)
undergoing traditional open reduction. Regarding the
selection of surgical methods, open reduction plate osteo-
synthesis was performed in the early stages of the study
(2022), whereas minimally invasive techniques were used
more recently (2023). In both groups, a superior clavicle
titanium plate with lateral extension (JEIL Medical Corp.)
was used. Patients with a follow-up period of less than 1
year (n = 9) were excluded from the study. As a result, a to-
tal of 61 patients were included, with 20 patients in group
M and 41 in group C.

Clinical and Radiological Evaluation

The evaluation conducted in this study entailed assessing
clinical outcomes, visual analog scale (VAS) scores, and
Constant scores at 1 year postoperatively. Additionally, at
the last follow-up, we examined the condition of hypoes-
thesia in the area supplied by the superior clavicular nerve.
Sensory assessment was performed bilaterally using light
touch and pinprick stimuli. Outcomes were classified as
follows: “normal” was defined as full sensory perception
equivalent to that of the contralateral side, and “hypoes-
thesia” was defined as reduced sensory perception com-
pared to the contralateral side. Operation time and blood
loss during the surgery were also measured. Preoperative
radiological evaluation included assessing the number of
fracture fragments to determine the degree of comminu-
tion and measuring the fracture gap interval by calculating
the shortest vertical distance between adjacent fracture
fragments using computed tomography.'” The time to
clinical bone union was defined as the time between
surgery and the point when the fracture site was free of
tenderness, and this time point was measured accordingly.
Radiographic evaluation at each visit until union included
anteroposterior and cephalad views of the fracture site ac-

Sterile Surgical Ru

quired at monthly intervals. Union was confirmed by the
disappearance of gaps and callus formation. Based on this,
the bone union rate was measured. Radiological outcomes
were assessed by 2 orthopedic specialists (HH and YJL),
and the average value was recorded when the values dif-
fered. Additionally, interobserver consistency (intraclass
coefficient) was calculated to determine the reliability of
the radiographic measurements.

Surgical Procedure

All surgical procedures were performed by an experienced
senior surgeon (JRL). All patients were placed under gen-
eral anesthesia in the supine position, with the operating
table tilted upward by approximately 30°, and the fracture
site was confirmed using a intraoperative fluoroscopy. For
minimally invasive surgery, the fracture site was identified
using the C-arm to ensure accurate localization. Once the
fracture site was confirmed, the length and position of the
plate were predetermined. Two separate skin incisions, ap-
proximately 3 cm in length each, were made over the des-
ignated locations for the proximal and distal screw inser-
tions, as guided by C-arm imaging (Fig. 2A). Through the
proximal incision, a Cobb elevator was carefully inserted
beneath the periosteum to create a submuscular tunnel
along the superior aspect of the clavicle. This tunnel facili-
tated passage of the superior distal clavicular plate to the
fracture site. With the plate positioned appropriately, re-
duction forceps were utilized to ensure proper alignment
of the fracture fragments and to minimize displacement
during plate fixation (Fig. 2B).

The plate was positioned on the superior surface of
the clavicle and securely fixed. Initially, 2 cortical screws
were inserted into the medial and lateral holes closest to
the fracture site for plate fixation. Additional fixation was
achieved by placing 3.5-mm locking screws medially and
2.5-mm locking screws into the distal clavicular holes.
After securing all the screws, fracture reduction and screw
length were confirmed using fluoroscopy, and the incision

Fig. 2. (A) Incisions, approximately 3
cm in length, were made at the sites of
the medial and distal screw insertions.
(B) C-arm imaging confirmed the use
of reduction forceps to maintain proper
positioning.
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was sutured. An illustration was provided to enhance un-
derstanding of the overall surgical procedure (Fig. 3).

In the open reduction procedure, the surgeon used
a superior approach to the clavicle, during which the su-
praclavicular nerve was preserved to the greatest extent
possible. The fracture site was identified, and reduction
forceps were used to align the bone fragments. Fixation
was achieved through the application of several lag screws,
if necessary. After verifying the length and contouring, the
plate was positioned on the superior portion of the clavicle
and the screws were securely fixed.

Statistical Analysis
The Shapiro-Wilk test was used to evaluate the normality
of each variable. For continuous variables, an independent

samples t-test or the Mann-Whitney U-test was used for
group comparisons. In contrast, categorical data were as-
sessed using chi-square or Fisher’s exact tests. All statistical
analyses were conducted using IBM SPSS Statistics soft-
ware version 26.0 (IBM Corp.), with the significance level
setat p <0.05.

RESULTS

Patient Characteristics

Table 1 presents the patient demographic information. No
significant differences were observed between the 2 groups
in terms of sex, age, body mass index, smoking status, or
the interval between injury and surgery. However, a sig-
nificant difference in the operation time was evident be-
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Fig. 3. lllustration of the overall surgical procedure. (A) Skin incisions for proximal and distal screw insertion sites. (B) Submuscular tunnel creation
along the superior clavicle using a Cobb elevator. (C) Reduction forceps ensuring fracture alignment and minimizing displacement during plate fixation.

Table 1. Patient Demographics

Variable Group M (n = 20) Group C (n =41) p-value
Sex (male : female) 17:3 36:5 0.761
Age at surgery (yr) 45.6 (28.0-57.0) 41.0 (22.5-55.5) 0.222
Body mass index (kg/m’) 23.1(22.1-25.1) 23.5(22.3-25.0) 0.565
Smoking (%) 15.0 17.1 0.837
Involvement of other fractures (%) 10.0 14.6 0.615
Interval between injury and surgery (day) 2.0(1.0-3.5) 2.0(1.0-3.0) 0.486
Operation time (min) 60.0 (50.0-77.5) 70.0 (60.0-85.0) 0.004
Blood loss (mL) 50.0 (32.5-50.0) 80.0 (50.0-100.0) <0.001
Fluoroscopy time (shot counts) 10.5(7.0-13.8) 2.0(2.0-2.0) <0.001

Values are presented as median (interquartile range) unless otherwise indicated. Group M: patients who underwent minimally invasive plate osteo-

synthesis, Group C: patients who underwent conventional open reduction and internal fixation.
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tween the 2 groups; group M had a median operation time
of 60.0 minutes (range, 50.0-77.5 minutes), whereas group
C had a median operation time of 70.0 minutes(range,
60.0-85.0 minutes) (p = 0.004). Similarly, we observed sig-
nificant differences in blood loss, with group M experienc-
ing a median blood loss of 50.0 mL (range, 32.5-50.0 mL)
and group C experiencing a median blood loss of 80.0 mL
(range, 50.0-100.0 mL) (p < 0.001).

Clinical and Radiologic Outcomes
Table 2 presents the patient clinical outcomes. Notably, no
significant difference was observed between the 2 groups

in terms of the VAS and Constant scores upon clinical as-
sessment 1 year postoperatively. Moreover, both groups
showed a median time to clinical bone union of 12.0 weeks
(group M: 12.0 weeks [range, 9.0-16.0 weeks], group C:
12.0 weeks [range, 9.0-12.0 weeks]), with no significant
difference. Moreover, preoperative radiological evaluation
revealed no significant difference in the fracture gap or
number of fracture fragments between the 2 groups (Table
3), and the screws used for distal fragment fixation were
similar between the groups (Table 3). However, the time
to bone union differed significantly, with median values of
20.0 weeks (range, 16.0-24.0 weeks) in group M (Fig. 4)

Table 2. Clinical Outcome Measures

Variable Group M (n = 20) Group C (n=41) p-value
Clinical score
Visual analog scale 0.5(0.0-1.0) 1.0(0.0-1.0) 0.786
Constant 95.0(91.0-97.0) 97.0(91.0-100.0) 0.270
Time to clinical bone union (wk) 12.0 (9.0-16.0) 12.0(9.0-12.0) 0.812

Values are presented as median (interquartile range). Group M: patients who underwent minimally invasive plate osteosynthesis, Group C: patients who

underwent conventional open reduction and internal fixation.

Table 3. Radiological Outcome Measures

Variable Group M (n = 20) Group C (n=41) p-value

Fracture gap (mm) 1.2(0.9-2.0), 1.5(1.1-1.8), 0.318
ICC=0.821 ICC=0.864

Number of fracture fragments 3.0(2.0-4.0), 3.0(2.0-3.0), 0.179
ICC=0.921 1CC=0.922

Number of distal screws 8.0(6.0-9.0) 8.0(7.0-9.0) 0.259

Time to bone union (wk) 20.0 (16.0-24.0), 13.0(12.0-20.0), <0.001
ICC=0.973 |CC=0.969

Values are presented as median (interquartile range), followed by the intraclass correlation coefficient (ICC). Group M: patients who underwent
minimally invasive plate osteosynthesis, Group C: patients who underwent conventional open reduction and internal fixation.

Fig. 4. Radiographic images of the imme-
diate postoperative status (A} and 6-month
postoperative status (B) of a patient treated
using the minimally invasive technique.
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Table 4. Complications

Complication ~ Group M (n=20) Group C(n=41) p-value
Nonunion 1(5) 0 0.149
Hypoesthesia 0 9(22) 0.023

Values are presented as number (%). Group M: patients who underwent
minimally invasive plate osteosynthesis, Group C: patients who underwent
conventional open reduction and internal fixation.

and 13.0 weeks (range, 12.0-20.0 weeks) in group C (p <
0.001).

Complications

Regarding postoperative complications (Table 4), no skin
hypoesthesia was observed in group M, whereas 9 of 41
cases (22%) in group C experienced hypoesthesia, a signif-
icant difference between the 2 groups. Moreover, group M
had 1 case of hardware failure due to nonunion, whereas
group C had none. No other significant complications
were observed in either group.

DISCUSSION

The study results showed that group M demonstrated
shorter operation time, less blood loss, and a lower in-
cidence of hypoesthesia compared to group C. While a
significant difference was observed in the radiologic bone
union time between the 2 groups, there was no difference
in the clinical bone union time. Additionally, there were
no significant differences in clinical outcomes and clini-
cal bone union rates between the 2 groups. These findings
partially support our hypothesis that the MIPO technique
using a superior clavicle plate with lateral extension could
offer advantages over open reduction plate osteosynthesis
for treating clavicle shaft fractures.

In terms of radiological outcomes, group M ap-
peared to take longer to achieve radiological bone union,
compared with group C. The earlier radiological bone
union observed in group C can be attributed to direct
bone contact during surgery, which minimizes the visible
fracture gap and accelerates the radiographic appearance
of union. In contrast, group M preserves a fracture gap,
requiring callus formation for healing, which may delay
radiological union. This prolonged radiographic healing
time, while not accompanied by differences in clinical
union, should nonetheless be recognized as a potential
drawback of the MIPO technique. However, it is impor-
tant to note that radiological assessments are not the sole
determinants of fracture healing. Clinical evaluations to

determine the absence of pain or tenderness at the fracture
site are also crucial for evaluating the healing process."
Notably, the median time for the disappearance of fracture
tenderness was 12 weeks in both groups, and there was no
significant difference in the time to clinical bone union
between the groups. There was no statistically significant
difference in union and nonunion rates between the 2
groups at the final follow-up. The single case of nonunion
in the MIPO group involved an elderly patient with poor
bone quality due to low bone mineral density. Although
radiographic nonunion was observed, the patient re-
mained pain-free without implant failure, and revision
surgery was not performed; instead, the patient has been
managed with careful observation. While not statistically
significant, we believe this case warrants clinical attention
and has been discussed accordingly. Therefore, although
radiological union may have taken longer in group M than
in group C, there was no significant intergroup difference
in terms of clinical bone union.

Previous MIPO studies have generally used pre-
contoured anatomical clavicle shaft plates to treat haft
fractures."””” However, in our study, we used a superior
clavicle plate with lateral extension, which differs from
commonly used pre-contoured anatomical clavicle shaft
plate in that it is shaped to fit the distal portion of the clav-
icle and allows for multiple 2.5-mm distal locking screws
to be inserted. Unlike traditional shaft plates, which pri-
marily rely on midshaft fixation, the lateral extension plate
provides a distal fixation option that adapts to anatomi-
cal variations. Previously, a biomechanical comparison
between low-profile 2.7-mm and 3.5-mm distal locking
screws in hook plates showed that the 2.7-mm screws,
when used in greater numbers, resulted in less stress con-
centration and provided comparable biomechanical re-
sults.”” Another study reported that distal clavicle fixation
with two 2.7-mm locking screws demonstrated compara-
ble mechanical pull-out strength to fixations with two 3.5-
mm hook plates.”” Although the screw size and number
differ, and there are differences compared to our surgery,
this mechanical study suggests that the superior clavicle
plate with lateral extension using multiple 2.5-mm screws
provides stability and plate length comparable to that of
conventional shaft plates.

During clavicle fracture surgery, hypoesthesia due
to supraclavicular nerve injury is a prevalent issue that
requires consideration due to the nerve’s distribution and
branches. In fact, a significant proportion of patients who
undergo clavicle plate fixation ultimately require removal
surgery due to discomfort and pain, making the minimi-
zation of nerve injury and prevention of further compli-
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cations involving additional nerve damage essential."*'"
Previous research has shown that the supraclavicular
nerve’s lateral branch is located approximately 59.7 mm
from the acromioclavicular joint, whereas the medial
branch is located 48.2 mm from the sternoclavicular joint,
with the safe zone located within 2.7 cm medially and 1.7
cm laterally.” In the present study, using the MIPO plate,
the wound incision was only approximately 2-3 cm at the
most lateral and medial aspects of the acromioclavicular
and sternoclavicular joints, respectively, which is consid-
ered a sufficiently safe zone. Indeed, in group M, there
were no cases of hypoesthesia due to supraclavicular nerve
injury.

Minimally invasive techniques can sometimes lead
to increased fluoroscopic exposure due to the challenge of
direct visualization. In our study, fluoroscopy was utilized
before skin incision to determine the fracture site and
plate length and intraoperatively to monitor the surgical
progress. We took protective measures to minimize expo-
sure by positioning the C-arm from the opposite side for
patients and using protective lead aprons to ensure a safe
distance from the imaging device. Although the literature
does not specify a safe duration for fluoroscopy exposure,
it is crucial to continuously reduce exposure time through
these efforts and increased expertise.

This study has some limitations. First, this was a
non-randomized retrospective study, which may have led
to selection bias. Also, despite efforts to maintain objectiv-

ity, potential interpretive bias in favor of the MIPO tech-
nique, even in the presence of a nonunion case, should be
acknowledged as a limitation. Second, the sample size was
relatively small, which may have decreased statistical pow-
er and increased the likelihood of type II errors. Third,
long-term clinical outcomes were difficult to assess, as the
hardware is often removed after 1 year due to discomfort.

In conclusion, we performed a minimally invasive
technique using a superior clavicle plate with lateral ex-
tension for clavicle shaft fractures, achieving clinical out-
comes and bone union rates comparable to those of open
reduction plate osteosynthesis. This approach also offered
the advantages of shorter operation time, reduced blood
loss, and a lower risk of hypoesthesia.
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