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Clinical and Radiologic Outcomes of Open
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Incision for Inferior Glenoid Fossa Fractures
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Background: Scapular surgery is usually undertaken via the posterior approach described by Judet. This approach allows access
to the entire posterior scapular body; however, it results in severe soft-tissue injury and requires an incision in the deltoid muscle.
To date, no clinical study has been reported on open reduction and internal fixation without capsular incision for displaced inferior
glenoid fractures (Ideberg type Il). The purpose of this study was to introduce an easy and less invasive approach to the inferior
glenoid fossa and evaluate its clinical outcomes.

Methods: Ten patients with displaced inferior glenoid fractures underwent open reduction and internal fixation without capsular inci-
sion between January 2017 and July 2018. Postoperative computed tomography was performed to evaluate the reduction state within
a week of the surgery. Clinical and radiological data from 7 patients who were followed up for more than 2 years were analyzed.
Results: The mean age of the patients was 61.7 years (range, 35-87 years). The mean follow-up period was 28.6 months (range,
24—-42 months). The mean preoperative fracture gap and step-off values were 12.3 + 4.4 mm and 6.8 + 4.0 mm, respectively. Surgi-
cal stabilization was conducted 6.4 days (range, 4—13 days) after trauma. Mean postoperative-preoperative fracture gap and step-
off values were 0.6 + 0.6 mm and 0.6 + 0.8 mm, respectively. At 24 months after surgery, the mean Constant score was 89.1 + 10.6
points (range, 69—100) and the mean pain visual analog scale score was 1.4 + 1.7 (range, 0-5). Bony union was observed in all
patients. The mean time to bony union was 11 + 1.7 weeks. The mean active range values for forward elevation, external rotation,
and abduction were 162.9° + 11.1° (range, 150°-180°), 55.7° + 15.1° (range, 30°-70°), and 158.6° + 10.7° (range, 150°-180°),
respectively.

Conclusions: The presented posterior open reduction and internal fixation without capsular incision or extensive soft-tissue dis-
section may be an easy and less invasive surgical approach for inferior glenoid fossa fractures (Ideberg type I).
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Scapular fractures account for 1% of all fractures, and the ~ Scapular fractures usually occur as a result of high energy
glenoid is involved in up to 20% of all scapular fractures.”  trauma. The fracture mechanism is not always clear, but
fossa fractures are mostly observed after a direct impact
of the humeral head onto the glenoid fossa. The degree
Received June 8, 2022; Revised October 11, 2022; of displacement and location of fractures are important
Accepted October 14, 2022 in decision-making regarding operative or nonoperative
Correspondence to: Ho—Sgung Jeong, MD ) o ] treatment. Classification systems have been typically de-
Department of Orthopaedic Surgery, Chungbuk National University Hospital, . . .
. . signed based on the site and severity of the fracture pat-
776 1(il)sunhwan-ro, Heungdeok-gu, Cheongju 28644, Korea ) If untreated. displaced elenoid fract lead t
Tel: +82-43-269-6077, Fax: +82-43-269-6359 ern. 1t untreated, dispiaced glenold fractures may fead 1o
E-mail: turbox2@hanmail.net malunion, instability, and glenohumeral osteoarthritis, all
of which can cause shoulder motion limitations and per-

Copyright © 2023 by The Korean Orthopaedic Association
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Clinics in Orthopedic Surgery ® pISSN 2005-291X  eISSN 2005-4408



http://crossmark.crossref.org/dialog/?doi=10.4055/cios22183&domain=pdf&date_stamp=2023-04-01

176

Park and Jeong. Operative Treatment of Inferior Glenoid Fractures without Capsular Incision

Clinics in Orthopedic Surgery * Vol. 15, No. 2, 2023 « www.ecios.org

sistent pain. Over time, the treatment of scapula fractures
has changed from preferably conservative to operative.
Lantry et al.” and Zlowodzki et al.” reported that operative
treatment was used in 80% of all glenoid fractures, with
good to excellent results in 82% of the operated cases.

Scapular surgery is usually undertaken via the pos-
terior approach described by Judet.” This approach allows
access to the entire posterior scapula body, but causes se-
vere soft tissue injury and requires incision of the deltoid
muscle. Fandridis et al.” reported the clinical outcomes of
a deltoid preserving approach for displaced extra-articular
scapular fractures. In a cadaveric study, Jerosch et al.” re-
ported that the posterior subdeltoid approach can provide
access to the glenoid neck between the infraspinatus and
teres minor, without deltoid injury. However, it is difficult
to open the joint without damaging the tendons or mus-
cles of the infraspinatus and teres minor.

Thus, the purpose of this study was to propose a
straightforward and relatively less invasive approach to the
inferior glenoid fossa fracture and to evaluate the clinical
and radiological outcomes following open reduction and
internal fixation (ORIF) without capsular incision. We
hypothesized that ORIF without capsular incision may
be a suitable treatment option for inferior glenoid fossa
fractures even though the articular surface cannot be ob-
served.

METHODS

Study Design

This retrospective study was approved by the Institutional
Review Board of Chungbuk National University Hospital
(No. CBNUH 2020-11-009-001), and the need for patient
informed consent was waived due to its retrospective de-

Fig. 1. (A) The patient is in the prone position with a pad under the chest
and with a thicker pad applied on the fracture side. (B) The thickness
of the pad or tilt of the table is adjusted such that the scapular plane is
parallel to the floor.

sign. However, written informed consent for publication
of the photographs was obtained from the participant of
Fig. 1. All patients who had a surgically treated glenoid
fossa fracture from January 2017 to July 2018 were identi-
fied by querying a hospital surgical database. Patients who
underwent surgical treatment for inferior glenoid fractures
(Ideberg type II) and who were 18 years old or older were
included. The operative indication was displacement of ar-
ticular fragments (gap or step-off of more than 3 mm).>”

Surgical Technique

Patients were placed in the prone position with a pad un-
der the chest, with a thicker pad applied on the fracture
side. We adjusted the height of the pad or tilted the table
so that the scapular plane was parallel to the floor and so
that the glenoid could be easily accessible to C-arm fluo-
roscopy from the contralateral side or cephalic side (Fig.
1). The arm was abducted and draped free. A straight skin
incision of 8-10 cm was made over the lateral border of
the scapula, with 90° abduction of the arm (Fig. 2), as such
an incision can facilitate the expansion of the incision to
the scapular body and inferior angle.

The deltoid fascia was dissected, and the inferior
border of the deltoid muscle was visualized (Fig. 2). The
deltoid muscle was retracted cephalad, and the underly-
ing infraspinatus and teres minor muscles were identified.
Dissection was performed between the infraspinatus and
teres minor, and the infraspinatus muscle was elevated
proximally, while the teres minor muscle was retracted
distally to expose the infraspinous fossa and posterior joint
capsule. A long head of triceps is attached to the lower
part of the joint capsule, and when partially detached for
screws insertion, the remaining triceps long head can be
gently retracted laterally to protect the axillary nerve. The

Fig. 2. (A) An 8-10 cm straight skin incision (red line) is made over the
lateral border of the scapula, with the arm in 90° abduction. (B) Dissection
of deltoid fascia is performed and the inferior border of the deltoid
muscle is visualized. P: posterior angle of acromion, I: inferior angle of
scapula, D: deltoid.
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interval between the infraspinatus and teres minor may
be difficult to find. It is more easily found medially rather
than laterally where the muscle fibers are conjoined. When
the incision was extended for wider access to the inferior
scapular body, the circumflex scapular artery could be
identified on the lateral scapular border and was tied to
prevent bleeding (Fig. 3).

The fracture was reduced by aligning the poste-
rior fracture line under fluoroscopy. The fragments were
held temporarily in the reduced position with a 1.6-mm
Kirschner wire (K-wire). One or two 4.0-mm partial-
thread cannulated screws were inserted through the guide
pin or temporary K-wire after reaming (Fig. 4).

Fig. 3. (A) The deltoid muscle is retracted cephalad, and the underlying
infraspinatus and teres minor muscles are identified. (B) The infraspinatus
muscles are elevated proximally, and the teres minor muscle is retracted
distally to expose the infraspinous fossa and posterior joint capsule.
When the incision is extended for wider access to the inferior scapular
body, the circumflex scapular artery is identified on the lateral border
of the scapula. This artery is tied to prevent bleeding. D: deltoid, IST:
infraspinatus, Tm: teres minor, C: posterior capsule, S: tied circumflex
scapular artery.

Postoperative Rehabilitation

All patients followed the same rehabilitation regimen. The
shoulders were immobilized for 6 weeks with an abduction
brace. Range of motion (ROM) exercises for the elbow,
wrist, and fingers were started immediately after surgery.
Passive ROM exercises began at 1 week after surgery with-
in the patient’s tolerance of pain. Active-assisted ROM ex-
ercises were allowed after the patients were released from
the brace. Muscle strengthening regimens were started at
12 weeks.

Postoperative Evaluation

Postoperative and follow-up radiographs included scapu-
lar anteroposterior, lateral, and axillary lateral views of the
shoulder at 1, 2, 6, and 12 weeks, 6 and 12 months, and 2
years after surgery. In all patients, the success of reduction
and restoration of the articular surface was judged from
postoperative three-dimensional computed tomography
(CT) images obtained within a week after surgery. All pa-
tients were followed up until they had pain-free shoulder
motion, no tenderness at the incision site, and fracture
union visible on radiographs.

Clinical assessment consisted of shoulder active
ROM, pain visual analog scale (VAS) score, and functional
score (Constant score). Internal rotation capacity was re-
corded as the highest vertebral level a patient could reach
with the hand of the affected side on his or her back. These
outcome measures were evaluated postoperatively at 24
months after surgery.

RESULTS

Between January 2017 and July 2018, 45 patients pre-
sented with a scapular fracture at our trauma center or
the emergency room. Thirteen patients had inferior
glenoid fractures (Ideberg type II). Ten of these patients

Fig. 4. Preoperative simple radiography (A) and three-dimensional computed tomography (CT) (B) scans show a displaced inferior glenoid fossa fracture.
Two 4.0-mm partial thread cannulated screws are inserted (C), and postoperative CT scan shows excellent congruency of the articular surface of glenoid
fossa (D).
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underwent ORIF without capsular incision by the inter-
teres approach. Postoperative CT scans were performed to
evaluate the reduction state. Seven patients were followed
up for more than 2 years; these included 2 female and 5
male patients. The mean age of the patients was 61.7 years

Table 1. Patient Demographic Characteristics

Patient Age Injured Cause of : .
number  (yr) Sex il injury Associated injury
1 73 Female Right  Falling
down
2 59 Male  Left Bicycle Rib fractures
accident
3 52 Male  Left Falling from Cerebral
a height hemorrhage,
clavicle fracture,
rib fractures
4 87 Female Right  Falling Posterior
down dislocation of
shoulder
5 35  Male Right  Motorcycle Cerebral
accident contusion,
cervical spine
fracture
6 73  Male Right Pedestrian Cerebral
traffic contusion,
accident rib fractures,
femur shaft
fracture
7 53 Male  Right  Pedestrian  Pelvic ring injury,
traffic lumbar spine
accident fracture,

rib fractures

(range, 35-87 years). The mean follow-up period was 28.6
months (range, 24-42 months) (Table 1).

Six of the seven patients had additional associated
injuries, mostly of the thorax and brain. Five patients
had severe traumatic injury (injury severity score of > 15
points).'” All patients had two-part articular fractures.
The mean preoperative fracture gap and step-oft values
were 12.3 + 4.4 mm (range, 6.3-19.6 mm) and 6.8 + 4.0
mm (range, 2.8-13.6 mm), respectively. Associated ipsilat-
eral clavicle fractures occurred in 3 patients, and acromial
fractures occurred in 2 patients. Four patients had mul-
tiple rib fractures, and two patients had spine fractures.
One patient had an axillary nerve injury and recovered
at 4 months postoperatively. The other injuries are listed
in Table 1, and the only complication was posttraumatic
arthritis of the hip (patient number 7). Surgical stabiliza-
tion was conducted on average at 6.4 days (range, 4-13
days) after trauma. The mean postoperative-preoperative
fracture gap and step-off values were 0.6 + 0.6 mm (range,
0-1.6 mm) and 0.6 £ 0.8 mm (range, 0-2.1 mm), respec-
tively (Table 2).

Bony union was observed in all patients at a mean
of 11 + 1.7 weeks (range, 8-12 weeks). There were 2 com-
plications: 1 patient had irritation due to the long length of
the screw, and only this patient underwent metal removal.
One patient had adhesive capsulitis of the shoulder joint
and was cured by passive motion rehabilitation lasting 2
months. At 24 months after surgery, the mean Constant
score was 89.1 + 10.6 points (range, 69-100 points) and
the mean pain VAS score was 1.4 £ 1.7 points (range, 0-5
points). The mean active range values of forward eleva-
tion, external rotation, and abduction were 162.9° + 11.1°

Table 2. Radiological Results

Patient  Fracture type Time to bony Step off (mm) Displacement (mm)

number (Ideberg)  union (wk) Preop Postop p-value Preop Postop p-value

1 Il 12 3.46 0.00 10.56 0.32

2 Il 10 7.03 0.64 8.66 0.51

3 | 12 5.01 2.07 13.17 0.65

4 Il 12 10.60 0.51 12.08 1.62

5 | 8 13.63 0.00 19.59 0.00

Il 12 5.07 0.00 6.33 0.20

7 | 12 2.80 0.91 15.66 1.01
Mean + SD 11116 6.8+4.0 06+08 0.008* 123+4.4 06+06 <0.001*

Preop: preoperative, Postop: postoperative, SD: standard deviation.
*Paired t-test.
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Table 3. Clinical Results at 2 Years after Surgery

ROM (2 years after surgery)

; Pain
i, Cioors [t Bl ansucion
° (°)

1 2 85 150 50 150
2 1 87 160 30 150
3 1 92 170 70 160
4 4 69 150 50 150
5 0 98 180 70 180
6 0 95 160 70 160
/ 1 9 170 50 160

Mean+SD 1.4+17 88.1+95 162.9+11.1 55.7+15.1 158.6 + 10.7

VAS: visual analog scale, ROM: range of motion, SD: standard deviation.

(range, 150°-180°), 55.7° £ 15.1° (range, 30°-70°), and
158.6° + 10.7° (range, 150°-180°), respectively (Table 3).

DISCUSSION

In this study, the approach used for surgical repair of
glenoid fractures is compatible with fluoroscopy use and
allows reduction and fixation without capsular incision.
If capsular incision is not necessary, dissection between
tendons (infraspinatus, teres minor) and posterior joint
capsule is not required, making the operation easier and
helping prevent iatrogenic damage to the rotator cuff ten-
don and joint cartilage. Clinical and radiological follow-up
of our patients showed good results.

Conservative treatment is generally recommended
for scapular fractures; however, surgical treatment is rec-
ommended for displaced intra-articular glenoid fractures
to reduce the risk of posttraumatic osteoarthritis or shoul-
der instability.” The indications for surgical management
include an articular gap or step-off values between 3 and
10 mm, 20% and 30% involvement of the articular surface,
and instability of the glenohumeral joint.**""" Our indi-
cation for treatment was an articular fracture gap or step-
off value of > 3 mm.

Soft-tissue management and fracture exposure are
important in surgery; however, for the glenoid fracture,
this is difficult because glenoid fractures are rare, and
most surgeons are relatively inexperienced. In previous
studies, most open reduction methods used the Judet’s ap-
proach with good results.”*'*'” However, this approach is
extensive and causes marked damage to the soft tissue and

deltoid muscle. Moreover, in the lateral decubitus posi-
tion, because fluoroscopy cannot be easily implemented,
this approach is challenging for inexperienced surgeons.
Therefore, conservative treatment rather than surgical
treatment is preferred, regardless of the indication for sur-
gery; moreover, if the gap or step-off is large, the outcome
tends to be poor.

It has been reported that soft-tissue damage can
be minimized by performing arthroscopic treatment."*”
This treatment is mainly performed for Ideberg type III
or Ia factures and is difficult to apply for Ideberg type II or
Ib fractures. For Ideberg type II cases, ideal fixation (per-
pendicular to the fracture line) requires screw insertion at
the 6 oclock position, but arthroscopic fixation is difticult
because of the risk of axillary nerve injury. A previously
published technical note on arthroscopic fixation in Ide-
berg type V cases reported insertion of the screw percuta-
neously into the posteroinferior portal, but the direction
of screw insertion had limitations, as illustrated in the
report.'”

In this study, a straightforward method was intro-
duced, and accurate reduction was achieved for posterior
open reduction without capsular incision or extensive
soft-tissue dissection, which is required with the Judet
approach. To our knowledge, no previous study has evalu-
ated the outcomes after ORIF of glenoid fossa fractures
without capsular incision. As it was not confirmed by
opening the capsule, reduction of the articular surface may
be a concern; however, a postoperative CT scan confirmed
that good reduction was achieved by adjusting the shape
of the posterior cortical bone and fixing the screw per-
pendicular to the fracture surface. Previous studies used
only simple radiography for postoperative assessment.
However, simple radiography alone does not provide an
accurate assessment of the gap and step-off of the glenoid
fossa. Depending on the angle of the fracture line, one
or two screws were inserted from the 6 to 8 oclock posi-
tions, and sufficient fixation force was obtained. A 4.0-mm
partial-thread cannulated compression screw was used
to fix it through the far cortex because cancellous bone
fixation was not sufficient to obtain strong fixation of the
glenoid fracture. Cortical screws can be fixed in the same
way, but it was difficult to check the direction of the screw
before insertion. Moreover, accompanying scapular body
fractures were noted in 3 patients. In these patients, only
glenoid reduction and fixation, without body fixation,
were performed; nevertheless, satisfactory results with an
average Constant score of 81.2 points were obtained. In
two patients, the anterior cortical bone of the scapula was
penetrated more than 5 mm, and the tip of the screw was
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placed inside the subscapular muscle. One of two patients
continued to complain of discomfort in the anterior shoul-
der joint, and the symptoms improved after the removal
of the screws. There was no postoperative neurological
symptom, and 1 case of preoperative axillary nerve palsy
had recovered by 4 months after injury.

Our study has several limitations. First, the number
of cases enrolled in our study was small due to the rarity of
this fracture. Second, the follow-up time was too short to
allow for any analysis of the risk factors for posttraumatic
arthritis; however, it was sufficient to evaluate the mainte-
nance rates of fixation, bony union, and clinical outcomes.
Another concern was the radiation exposure from postop-
erative CT scanning. Since the scan proved that the reduc-
tion and fixation without capsular incision is excellent, in
future surgeries, we will employ CT scanning only when

the reduction is not satisfactory.

In conclusion, this novel posterior ORIF without
capsular incision or extensive soft-tissue dissection can be
a straightforward surgical approach for inferior glenoid
fossa fractures (Ideberg type II).
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