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Abstract

Background: Acromial fractures are rare and there is no consensus on fixation, but an increasing number of studies
have reported using two screws to fix Ogawa type | acromial fractures. The objective of this study was to obtain
the ideal length, diameter, insertion point, and angle of the screw using a novel 3D simulation.

Methods: The scapular CT data of 100 individuals were obtained to reconstruct 3D models. The transparency of
the 3D model was then downgraded along the axial perspective (the view perpendicular to the cross section of
the acromion axis) to find the maximum translucent area. Two virtual screws were placed at the anterior edge of
the acromion until they penetrated the posterior cortical bon. The largest diameters and lengths of the screw were
measured, and the direction and insertion point of the screw were observed.

Results: The mean maximum lengths of the medial and lateral screws were 43.33 + 6.17 mm and 39.23 + 6.01 mm,
respectively. The mean maximum diameters of the medial and lateral screws were 4.71 + 1.23 mm and 4.97 + 1.07
mm, respectively. Differences in screw length, diameter, and insertion point between males and females were
found. The differences in screw angle between sexes were not statistically significant.

Conclusions: Based on a 3D model test, we recommend the size, entry points, and angles of screws for Ogawa
type | acromial fractures, providing valuable guidance for clinical work. More accurate screw parameters can be
obtained preoperatively by establishing an individualized 3D model.
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Introduction

Acromial fractures are rare injuries, accounting for ap-
proximately 8—-16% of scapular fractures [1, 2]. The in-
jury mechanism of fracture is mainly direct shoulder
violence, indirect humeral head impingement, or compli-
cations following reverse total shoulder arthroplasty.
Due to the weight of the upper limb and the pull of the
deltoid muscle, the acromial bone block will shift, which
leads to narrowing of the subacromial space, and the
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rotator cuff tears, resulting in shoulder pain and limited
movement.

In 1997, Ogawa proposed a practical classification
based on the location of the acromial fracture line and
anatomical structure [3]. He classified acromial fractures
as follows: type I fractures consist of those of the ana-
tomic acromion and extremely lateral scapular spine.
Type II fractures consist of those located in the more
medial spine and descending to the spinoglenoid notch.
This classification is recognized and used to guide
treatment.

Unfortunately, there is no consensus on the treatment
and fixation methods for acromial fractures. The usual
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fixation methods include Kirschner wires, tension bands,
and anatomical locking plates [3—5]. However, in type I
fractures, conventional plate fixation is not recom-
mended because of the very thin and small nature of the
osseous anatomy. Fixation with Kirschner wire cannot
pressurize the fracture end and is prone to early fixation
failure [6, 7].

At present, in the treatment of distal acromial frac-
tures, the use of two cannulated screws instead of
Kirschner wire fixation is considered an effective method
that has a high postoperative fracture healing rate and
no complications [8-11]. Peckett et al. reported on
symptomatic acromial fracture fixation with two 3.5 mm
screws in 17 patients, and the postoperative healing rate
was 94% [9]. Garnon et al. demonstrated the good tech-
nical feasibility of percutaneous image-guided screw fix-
ation for the treatment of pathological distal acromial
fractures [11]. In previous studies, only screw diameters
were reported, and the differences were large. No guid-
ance was given regarding the length, insertion point, or
ideal angle for the two screws.

3D simulation technology has been widely used in the
field of orthopedic surgery to help surgeons understand
anatomical structures (nerves, vessels) and anatomical pa-
rameters (length, angles, anatomical axis) [12, 13]. This
technology has also been widely used to guide the treat-
ment of bone tumors [14] and thermal necrosis [15]. To
date, there have been many reports on the use of this
technique to guide screw fixation of different parts of frac-
tures. However, there has been no report on the use of 3D
simulation to guide screw fixation for acromial fractures.
The objective of this study was to obtain the implantation
point, optimal axial angle, diameters, and lengths of the
two screws by using 3D simulation.
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Materials and methods

One hundred Chinese individuals without fractures or
lesions of the right scapula were enrolled between Janu-
ary 2019 and November 2020 in this study. There were
50 males and 50 females. The mean age of the patients
was 54.21 + 1542 (range 20-85). All patients received
64-slice spiral CT continuous slice scans in our hospital,
and the original data were obtained in DICOM format.
All of the original data were imported into Mimics soft-
ware one by one. The 3D model of the scapula was ob-
tained through image segmentation and regional growth
operations of the software (Fig. 1).

To determine the effective screw passage, we reduced
the transparency of the 3D model and rotated the 3D
model to an axial view, which was parallel to the cross
section of the distal acromion. The outline of a translu-
cent area resembling an oval shape was clearly shown
(Fig. 2a). We observed and adjusted the position of the
model to maximize the translucent area and divided it
evenly into two parts. Two computer-aided design
screws were placed perpendicular to the translucent
zone and gradually increased in diameter, defined as the
maximum diameter when the screws did not penetrate
the boundary of the zone (Fig. 2b). The screw length
was then adjusted until it had just penetrated the poster-
ior bone cortex, and the value was recorded (Fig. 3a,b).
The anatomical markers of the acromioclavicular articu-
lar surface and the distal anterior edge of the acromion
are easily accessible and recognized. To determine screw
location, the distance from the insertion point to the
acromioclavicular articular surface and the distal anter-
ior edge of the acromion was marked. The L1 and L2
distances for the medial screw (MS) and the L3 and L4
distances for the lateral screw (LS) were recorded

Fig. 1 The 3D models of the scapula was obtained through image segmentation and region growth operations of the software
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Fig. 2 Find the largest screw path. a The largest translucent area resembles an oval shape. b Two computer-aided design screws were placed
evenly in the translucent area. Then, the diameters were increased progressively until they reached the borderline of the area

(Fig. 4a, b). The upper plane of the distal acromion was
selected as the reference plane, which is called plane A.
The downdip angle between the screw and plane A was
measured and recorded as angle o (Fig. 5a). A plane per-
pendicular to plane A was defined as plane B. The in-
clination angle between the screw and plane B was
measured and recorded as angle 3 (Fig. 5b).

The experimental data were analyzed by SPSS 25.0
statistical software. All continuous variables are pre-
sented as the mean and standard deviation. A ¢ test was
used to compare the data between males and females.
Statistical significance was accepted at P < 0.05.

Results
The reconstructed scapula model shows the safety zone
of the acromial screw, as shown in Fig. 2.

Tables 1 and 2 the mean maximum lengths of the med-
ial and lateral screws were 43.33 + 6.17 mm and 39.23 +
6.01 mm, respectively. The mean maximum diameters of
the medial and lateral screws were 4.71 + 1.23 mm and
497 + 1.07 mm, respectively. The mean L1 distance was
725 + 1.71 mm, the mean L2 was 6.38 + 1.82 mm, the
mean L3 was 17.04 + 2.27 mm, and the mean L4 was 5.89
+ 1.63mm. In the above data, the differences between
males and females were statistically significant (P < 0.05).

Fig. 3 Observe the largest length and position of the screws. A, B Observed from the above and below of the opaque 3D model, respectively.
The screws had the largest lengths and diameters just penetrating the cortical bone. a, b The screws position were observed from the above and
below of the translucent 3D model.
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Fig. 4 The measurement of distance L1, L2, L3, and L4. a The distances from the medial screw entry point to the acromioclavicular articular
surface and the leading edge of the acromial were marked as L1 and L2, respectively. b The distances from the lateral screw entry point to the
acromioclavicular articular surface and the leading edge of the acromial were marked as L3 and L4, respectively

The mean a and f angles for males and females are
recorded in Table 3. The mean a angles and f angles
were 13.98 + 5.03° and 6.53 + 5.10° respectively. The
differences between sexes were not statistically signifi-
cant (P > 0.05).

Discussion
The acromion is an important part of the superior
shoulder suspensory complex. Acromial fractures are
considered a special type of intra-articular fractures. If
acromial fractures are not properly treated, they will in-
evitably affect the function of the shoulder joint. Com-
plications associated with nonoperative treatment of
displaced acromial fractures have been reported, includ-
ing painful stiff shoulder, activity limitation, symptom-
atic nonunion, acromioclavicular joint separation, and
subacromial impingement [1, 8, 12, 16—21]. Therefore,
early surgical intervention is considered reasonable.
Acromial fractures are rarely reported in the literature,
and there are no consistent treatment plans. Owage [3]
recommends that patients with type I acromial fractures
be treated with Kirschner wire or tension band fixation.
However, there are reports of Kirschner wire loosening,
fracture redisplacement, and needle tract infection after
the use of this fixation method [6, 7, 22]. We also do not

Table 1 Differences in medial screw between males and

recommend the use of Kirschner wires because they do
not provide adequate compression at the fracture site.

Screw fixation has been gradually recognized for its
ability to provide adequate fracture compression and
offer satisfactory fracture stability [7-11, 20]. Peckett
et al. [9] recommended the use of double tension screws
instead of Kirschner wires in 26 patients with acromial
fractures. Kim et al. [8] reported fracture fixation with
two cannulated screws in 27 patients without postopera-
tive complications, such as screw displacement or local
infection. Unfortunately, recommendations on the max-
imum diameters and lengths and the optimal entry
points and appropriate angles of two screws for distal
acromial fractures have not been reported.

The application of 3D computer models in the field of
orthopedics is mature and reliable [23]. This method is
used to conduct big data research and collect relevant
data to provide help for surgeons to avoid the aggrava-
tion of fractures and screw loosening caused by repeated
adjustment of screw direction and replacement of screws
during operation.

In the past, screws of different diameters have been
used to treat acromial fractures, including 3.0 mm, 3.5
mm, 4.0 mm, and even 5.0 mm [8—11]. According to the
information in our study, the maximum diameters were
5.69 + 0.81 mm (MS) and 5.81 + 0.76 mm (LS) in males

females Table 2 Differences in lateral screw between males and females
Group Length (mm) Diameter (mm) L1 (mm) L2 (mm) Group Length (mm) Diameter (mm) L3 (mm) L4 (mm)
All 4333 +6.17 471 £1.23 725+ 171 638+182 All 39.23 £ 6.01 497 +1.07 1704 + 227 589+ 163
Male 50.79 £ 4.33 569 £ 081 733+£169 688 £ 1.89 Male 4326 + 464 581 +0.76 1779 £ 226 648+172
Female 4187 +4.19 3.73 £067 617+ 173 587+ 159 Female 3520 + 4.28 413 £ 0.56 1629+ 203 529+1.28
t 10478 13.165 0494 2875 t 9.033 12478 3497 3930

P 0.000 0.000 0.000 0.005 P 0.000 0.000 0.001 0.000

The differences between males and females were of statistical significance
(P <0.05)

The differences between males and females were of statistical significance
(P <0.05)
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Fig 5: The measurement of angle a and {3. a The downdip angle between the screw and plane A was measured and recorded as angle a. b The
inclination angle between the screw and plane B was measured and recorded as angle 3

and 3.73 + 0.67 mm (MS) and 4.13 + 0.56 mm (LS) in
females. This is consistent with previously reported
screw sizes. We recommend the use of at least 3.5 mm
screws in females and at least 5.0 mm screws in males.
We also recorded the lengths of the two screws. The
lengths of the screws were 50.79 + 4.33 mm (MS) and
4326 * 4.64mm (LS) in males and 41.87 + 4.19 mm
(MS) and 35.20 + 4.28 mm (LS) in females. Due to indi-
vidual and sex differences, we recommend preoperative
evaluation and measurement of imaging data.

The shape of the acromion varies from person to per-
son. Bigliani et al. divided patients into three types ac-
cording to acromial morphology, in which the
proportion of curved and hooked acromions was 81.6%
[24]. This division not only increases the difficulty of
screw implantation but also increases the chance of
screw penetration into the subacromial space. Therefore,
the insertion point and direction are two important in-
dexes that affect the safe placement of the screw. In our
study, we found that the distance from the entry point
to the acromioclavicular articular surface and the distal
anterior edge of the acromion was greater in males. This
can be caused by a large shoulder blade in males. We
recommend maximizing the inclination angle of the
screw because the screw pointing to the base of the
scapular spine provides stronger fixation.

Table 3 Differences between males and females: angles a and

B

Group a(’) B ()

All 1398 + 5.03 6.53 + 5.10
Male 1353 +493 707 +£4.88
Female 1403 £ 5.14 6.99 + 531
t -0.941 1.061

P 0.375 0.291

The differences sexes were not statistical significance (P > 0.05)

We applied this model in the study of the acromions
of 100 individuals, a sufficiently large sample size. As the
axial perspective is quite similar to the X-ray projection,
the two screw parameters we obtained can provide valu-
able guidance to surgeons. Given that the standard devi-
ation of our results is relatively large, indicating that
there are large differences between individuals, it is
necessary to perform preoperative planning for each
patient.

There are some limitations in our research. First, we
studied the acromions of only Chinese people, and these
data may not be applicable to people from other coun-
tries. Second, these software tools do not replace experi-
mental testing; they provide a valuable and rapidly
evolving option for evaluating implant designs at an
early stage of the test [25], but further cadaver or clinical
studies are needed to verify the accuracy of the
technique.

Conclusion

Through 3D model testing, we recommend the size,
entry points, and angles of screws for Ogawa type I acro-
mial fractures, providing valuable guidance for clinical
work. More accurate screw parameters can be obtained
preoperatively by establishing an individualized 3D
model. In the near future, we hope to verify the strength
and effectiveness of screws through biomechanical and
clinical studies.
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