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Purpose

The purpose of this study is to assess the clinical and radiological results following
using clavicular hook plates (CHPs) for the management of Neer’s type 2 unstable
distal clavicular fractures (DCFs).

Methods

A total of 25 patients were treated with CHPs for DCFs. The American Shoulder
and Elbow Surgeons (ASES) and the Constant and Murley scores were used to
evaluate the shoulder functional outcomes at the end of at least 1-year after surgery.
The radiological assessment involved bone union evaluation and comparison of
preoperative and postoperative coracoclavicular distance.

Results

The mean Constant and Murley score was 90.28+3.66, while the mean
ASES score was 92.44+4.91 at the end of at least 1-year follow-up. Bone
union was established in all patients after a mean time interval of 2.42+0.57
months postoperative. The mean coracoclavicular distance showed significant
improvement from 19.48+1.67 to 9.96+1.02 at 1-year follow-up. An overall
complication rate of 48% was observed.

Conclusions

Successful functional and radiological outcomes are associated with using
CHPs for the treatment of DCFs. However, the rate of complications with CHP
was high.

Level of evidence

Level IV, Therapeutic study.
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Introduction

[8,9], intramedullary screws, transient K-wire fixation

Distal clavicle fractures (DCFs) account for 12-
21% of all clavicular fractures [1]. Neer developed a
classification for DCFs according to their position
relative to the coracoclavicular (CC) ligaments to

successfully classify and manage DCFS [2,3].

Neer type 2 DCFs are deemed unstable as a result
of compromised CC ligaments and the powerful
deforming forces acting on the fracture ends [4].

Operative management is favored for unstable Neer
type 2 DCFs to achieve the proper fracture reduction
needed for bone union and minimize the hazards
linked to conservative treatment [5].

Surgical treatment aims to achieve stability of the
distal clavicle, to avoid fracture nonunion, to permit
early functional exercise, and to decrease complications
[6]. Several operative options have been used for DCF's
fixation including osteosynthesis with anatomically
pre-contoured plates [7], clavicular hook plates (CHPs)
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[10], ligament bracing [11], and the conjunction of
ligament bracing and plate osteosynthesis [12].

CHPs generate a stable lever that raises the acromion
and depresses the fractured proximal clavicle
maintaining fracture reduction while not hindering
clavicular rotation [13,14]. CHPs have the advantage of
achieving high union rates and satisfactory functional
outcomes [13]. However, CHPs may lead to various
complications including acromial osteolysis, peri-
prosthetic fracture, shoulder stiffness, and subacromial

impingement [15,16].

'The present study aims to evaluate the functional and
radiological results following the fixation of DCFs
using CHPs.
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Patients and methods

This is a prospective study done at Kasr Al Aini
Hospital between October 2022 and June 2023. The
research ethical Committee approved this study
protocol [(Institutional Review Board (IRB) number:
N-381-2023)]. All patients signed a consent before
participating in the study. This study included 25
patients with DCFs who were treated with open
reduction and internal fixation using CHPs.

The inclusion criteria were

(a) Acute Neer type 2 distal clavicle fractures less than
3 weeks from injury.
(b) Skeletally mature patients.

The exclusion criteria were

(a) Skeletally immature patients.

(b) Prior surgery to the ipsilateral shoulder joint.

(c) Pre-existing or associated injuries of the affected
shoulder joint.

Functional and radiological assessment

The shoulder functional outcomes were assessed
using the American Shoulder and Elbow Surgeons
(ASES) and the Constant and Murley (CMS)
scores and compared both preoperative and at 1-year
tollow-up. Preoperative and postoperative plain
radiographs were done for radiological assessment
(Figs 1,2). Radiological evaluation was done to assess
bone union and coracoclavicular distance (CCD)
both preoperative and at 1-year follow-up using
plain radiographs. Measurement of the CCD was
done from the upper aspect of the coracoid to the
lower aspect of the clavicle. The minimum follow-
up period for all patients was 1 year (range 12-14

months).

Statistical methods

Data were statistically described in terms of mean
+ standard deviation (+ SD), range, or frequencies
(number of cases), and percentages when appropriate.
Within-group comparison of numerical variables
was done using a paired s-test. p value less than 0.05
was considered statistically significant. IBM SPSS
(Statistical Package for the Social Science; IBM Corp,
Armonk, NY, USA) release 22 for Microsoft Windows
was used for all statistical analyses.

Operation procedures

General anesthesia was administered to all patients and
all surgical steps were done in the beach chair position.
A 6-8cm straight horizontal skin incision was made
over the distal clavicle across the acromioclavicular

Figure 1
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Preoperative plain radiograph anteroposterior view of the right
shoulder showing displaced Neer type 2 distal clavicular fracture and
increased coracoclavicular distance.

Figure 2

Postoperative plain radiograph anteroposterior view of the right
shoulder showing reduction of distal clavicular fracture using
clavicular hook plate and normal coracoclavicular distance.

(AC) joint laterally. The deltoid-trapezoidal fascia was
incised revealing the fracture site and both ends of
the clavicle. Reduction of the clavicular fracture was
done and temporarily fixed with two Kirschner wires
under direct visualization. A small rent was done in the
posterior aspect of the AC joint capsule to introduce the
plate hook below the posterior aspect of the acromion.

The appropriate plate length and hook depth were



chosen and applied. The plate was contoured, if needed,
to fit the clavicle ensuring proper fracture reduction.
Acceptable fracture reduction and plate position were
confirmed intraoperative under fluoroscopic guidance.
Placement of 3.5mm cortical screws was then done
to fix the plate to the clavicle maintaining fracture
reduction. Insertion of cortical screws was done into
the distal clavicular fragment through the plate if
the distal fragment was large enough to hold screws.
Closure of the wound was done in layers.

Rehabilitation

All patients followed the same rehabilitation protocol
after surgery. All patients were encouraged to start
active range of motion (ROM) exercises to the elbow,
wrist, and hand from day 1 after surgery. All patients
were instructed to use an arm sling for 2 weeks
postoperative. Pendulum exercises started 2 weeks
following surgery. Active assisted ROM exercises
started after radiographic evidence of bone union
approximately 6-8 weeks postoperative. Active resisted
ROM exercises were performed 12 weeks following
surgery.

Results

'The present study included 25 patients for whom CHPs
were used for fixation of DCFs. The mean age of the
patients at the time of surgery was 37.36+9.87 years.
There were 15 (60%) male, and 10 (40%) female patients.
'The right shoulder was injured in 16 (64%) patients, while
the left shoulder was affected in nine (36%) patients. The
mean time interval from injury to surgery was 5.8+1.53
days. The mean follow-up period was 12.76 +0.83 months.
Patients’ demographic data are shown in (Table 1).

Functional and radiological outcomes

The mean CMS was 90.28 + 3.66, while the mean ASES
score was 92.44+4.91 at 1-year follow-up. Bone union
was obtained in all patients. The mean time interval
to achieve bone was 2.42+0.57 months (range: 2—4).
'The mean CCD showed significant improvement from
19.48 +1.67 (range:16-23.5) preoperative to 9.96+1.02
(range: 8.5-13) at the final follow-up (P value <0.001).
Plate removal was done in all patients after a mean time
interval of 4.36+1.04 months postoperative (Table 2).

Complications

Several complications have been encountered in
this study with a 48% overall rate of complications.
Acromial osteolysis was observed in seven (28%)
patients. Subacromial impingement was reported in
three (12%) patients confirmed clinically by a positive
Neer’s impingement sign. Patients with subacromial
impingement were treated conservatively with the
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Table 1 Patients’ demographic data

Age in years 37.36+9.87 (18-52)
Sex, n (%)

Male 15 (60)

Female 10 (40)
Affected shoulder joint, n (%)

Right 16 (64)

Left 9 (36)
Follow-up period in months 12.76+£0.83

(12-14)
5.8+1.53 (3-9)

Values are expressed in the form of meanzstandard deviation (SD),
range, number of patients, and their percentage within the group.

Time interval from injury to surgery in days

Table 2 Functional and radiological outcomes

n=25 P value
1-year follow-up CMS 90.28+3.66 (85—100)
1-year follow-up ASES score 92.44+4.91 (85-100)
Preoperative CCD in mm <0.001

Postoperative CCD in mm
Time interval to achieve bone
union in months

Time interval for plate removal
in months

9.96+1.02 (8.5-13)

(
(
19.48:+1.67 (16-23.5)
(
2.42+0.57 (2-4)

4.36+1.04 (3-7)

ASES, American Shoulder and Elbow Surgeons. Values are
expressed in the form of meanzstandard deviation (SD), and range;
CMS, Constant and Murley score; n, number of patients.

resolution of symptoms and signs after CHP removal.
One (4%) patient had a superficial wound infection
after surgery and was treated successfully by repeated
dressing and antibiotics with resolution of infection.
One (4%) patient had postoperative stiffness and was
treated with manipulation under general anesthesia
during plate removal and regained acceptable shoulder
range of motion.

Discussion

DCFswith associated CC ligament injury are essentially
unstable fractures that need operative fixation to
achieve bone union and avoid the unsatisfactory clinical
outcomes that are linked to conservative treatment [17].

The principal finding of our study is that CHPs
provided successful clinical outcomes with fracture
consolidation achieved in all patients with DCFs.
However various complications were observed in
12 (48%) patients. The mean CMS in our study was
90.28+3.66 at 1-year follow-up. This was in line
with various studies in literature [18,19]. A study
by Teimouri ez al. [18] documented that the mean
CMS was 92+5.3 6 months after using CHPs for
the treatment of DCEF, with no significant differences
between CHP and T plate groups for fixation of
DCFs regarding CMS. Zhang ez a/. [19] documented
amean CMS of 93.3 of 30 patients treated with CHPs
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for fixation of DCFs, after a mean follow-up of 27.2
months, with no significant difference between locking
plate and CHP groups in terms of CMS or bone union

rate.

In our study, acromial osteolysis was observed in seven
(28%) patients which is in line with a study published
by Chen ez al. [20] including 33 patients who reported
that the prevalence rate of acromial osteolysis was
30.3% following using CHP for treatment of AC
joint dislocation. Nevertheless, a prospective study by
Lin e# al. [21] mentioned that acromial erosion was
encountered in 20 (50%) patients out of 40 patients
who were treated with CHP for either DCF or AC

joint dislocation.

Studies in the literature mentioned that acromial
osteolysis was attributed to the compact proximity of
the hook part with the undersurface of the acromion
and that using a small hook depth was a contributing
factor to the occurrence of acromial osteolysis [9,22].

A study by El Maraghy e al. [23] reported that the
existence of geometric discrepancy between the hook
part of CHP and the undersurface of the acromion is
a presumed factor for the occurrence of complications
after using CHPs.

In our study, subacromial impingement was observed in
three (12%) patients, however, Lin ez a/. [21] reported a
37.5% rate of occurrence of subacromial impingement
tollowing using CHPs for treatment of DCFs and AC

joint dislocation.

Subacromial impingement may be related to
positioning the plate hook in the subacromial space
narrowing the subacromial area. In addition, the plate
hook also hinders the sagittal rotation of the AC
joint and prevents the acromial posterior tilt leading
to diminished internal rotation of the lateral clavicle
[24]. Furthermore, the variable shape of the acromion
and subacromial space in each patient and the resultant
incongruency with CHP may lead to subacromial and

rotator cuff pathologies [21,23].

In our study, CHP removal was done in all patients
after a mean period of 4.36 months and this coincided
with other studies in the literature [24,25]. Erdle ez
al. [25] advocated CHP removal in all patients and
reported CHP removal after a mean period of 4.7
months, while another study by Ochen ez al [26]
documented CHP removal in all patients after a mean
period of 4.3 months who underwent management of

DCFs using CHPs.

In our study, nonunion was not observed in any patient
and all patients achieved bone union after a mean
period of 2.42 months. This is in line with a study
by Teimouri ez al. [18] who documented bone union
after a mean time interval of 2.3+1.6 months in all
of the 30 patients who underwent treatment of DCFs
using CHPs. In addition, another study by Fahmy ez a/.
[27] documented achieving bone union in 17 patients
who were treated using CHPs for DCFs after a mean
period of 10.1+1.3 weeks.

Limitations

The main limitations of this study are the relatively
short follow-up after surgery and the lack of
comparison with different methods of treatment for

DCPFs.

Conclusion

A CHP is an effective method for the treatment
of unstable DCFs with successful functional and
radiological outcomes. However, the average incidence
of complications linked to using CHPs for the
management of DCF's was high.

Author contributions

The author contributed to the study’s conception and
design. Material preparation, data collection, analysis,
and manuscript writing were performed by M.H.K.

Ethics approval

Approval was granted by the Ethics Committee of
Cairo University (Institutional Review Board (IRB)
number N-381-2023).

Consent to participate
Informed consent was obtained from all individual
participants included in the study.

Consent to publish
Patients signed informed consent regarding publishing
their data and photographs.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1 Gstettner C, Tauber M, Hitzl W, Resch H. Rockwood type Il
acromioclavicular dislocation: surgical versus conservative treatment. J
Shoulder Elbow Surg 2008; 17:220-5.



10

1

12

13

14

15

-

6

Neer CS 2nd. Fractures of the distal third of the clavicle. Clin Orthop Relat
Res 1968; 58:43-50.

NEER CS 2nd. Fracture of the distal clavicle with detachment of the
coracoclavicular ligaments in adults. J Trauma 1963 Mar; 3:99—-110.

Robinson CM, Cairns DA. Primary nonoperative treatment of displaced
lateral fractures of the clavicle. J Bone Joint Surg Am 2004; 86:778-82.

Rokito AS, Zuckerman JD, Shaari JM, Eisenberg DP, Cuomo F, Gallagher
MA. A comparison of nonoperative and operative treatment of type Il distal
clavicle fractures. Bull Hosp Jt Dis 2002-2003; 61:32-9.

Rieser GR, Edwards K, Gould GC, Markert RJ, Goswami T, Rubino LJ.
Distal-third clavicle fracture fixation: a biomechanical evaluation of fixation.
J Shoulder Elbow Surg 2013; 22:848-55.

Andersen JR, Willis MP, Nelson R, Mighell MA. Precontoured superior
locked plating of distal clavicle fractures: a new strategy. Clin Orthop Relat
Res 2011; 469:3344-50.

Meda PV, Machani B, Sinopidis C, Braithwaite |, Brownson P, Frostick SP.
Clavicular hook plate for lateral end fractures:- a prospective study. Injury
2006; 37:277-83.

Muramatsu K, Shigetomi M, Matsunaga T, Murata Y, Taguchi T. Use of the
AO hook-plate for treatment of unstable fractures of the distal clavicle. Arch
Orthop Trauma Surg 2007; 127:191-4.

Wu CC. Tension band wiring versus Knowles pinning for non-union
of type-2 distal clavicle fractures. J Orthop Surg (Hong Kong) 2012;
20:297-301.

Flinkkila T, Heikkila A, Sirnié K, Pakarinen H. TightRope versus clavicular
hook plate fixation for unstable distal clavicular fractures. Eur J Orthop
Surg Traumatol 2015; 25:465-9.

Seyhan M, Kocaoglu B, Kiyak G, Gereli A, Turkmen M. Anatomic locking
plate and coracoclavicular stabilization with suture endo-button technique
is superior in the treatment of Neer Type Il distal clavicle fractures. Eur J
Orthop Surg Traumatol 2015; 25:827-32.

Kashii M, Inui H, Yamamoto K. Surgical treatment of distal clavicle fractures
using the clavicular hook plate. Clin Orthop Relat Res 2006; 447:158—-64.
Tambe AD, Motkur P, Qamar A, Drew S, Turner SM. Fractures of the distal
third of the clavicle treated by hook plating. Int Orthop 2006; 30:7—-10.
Malik SS, Tahir M, Remtulla M, Malik S, Jordan RW. A systematic review
and meta-analysis comparing the use of hook plates and superior plates
in the treatment of displaced distal clavicle fractures. Arch Orthop Trauma
Surg 2023; 143:329-352.

Boonard M, Sumanont S, Arirachakaran A, Sikarinkul E, Ratanapongpean
P, Kanchanatawan W, Kongtharvonskul J. Fixation method for treatment

17

18

19

20

21

22

23

24

25

26

27

Neer’s type 2 unstable lateral clavicular fracture Khalil 497

of unstable distal clavicle fracture: systematic review and network meta-
analysis. Eur J Orthop Surg Traumatol 2018; 28:1065-1078.

Loriaut P, Moreau PE, Dallaudiére B, Pélissier A, Vu HD, Massin P, Boyer P.
Outcome of arthroscopic treatment for displaced lateral clavicle fractures
using a double button device. Knee Surg Sports Traumatol Arthrosc 2015;
23:1429-1433.

Teimouri M, Ravanbod H, Farrokhzad A, Sabaghi J, Mirghaderi SP.
Comparison of hook plate versus T-plate in the treatment of Neer type Il
distal clavicle fractures: a prospective matched comparative cohort study.
J Orthop Surg Res 2022; 17:369.

Zhang C, Huang J, Luo Y, Sun H. Comparison of the efficacy of a distal
clavicular locking plate versus a clavicular hook plate in the treatment of
unstable distal clavicle fractures and a systematic literature review. Int
Orthop 2014; 38:1461-8.

Chen CH, Dong QR, Zhou RK, Zhen HQ, Jiao YJ. Effects of hook plate on
shoulder function after treatment of acromioclavicular joint dislocation. Int
J Clin Exp Med 2014; 7:2564-70.

Lin HY, Wong PK, Ho WP, Chuang TY, Liao YS, Wong CC. Clavicular hook
plate may induce subacromial shoulder impingement and rotator cuff
lesion--dynamic sonographic evaluation. J Orthop Surg Res 2014; 9:6.

Tiren D, van Bemmel AJ, Swank DJ, van der Linden FM. Hook plate fixation
of acute displaced lateral clavicle fractures: mid-term results and a brief
literature overview. J Orthop Surg Res 2012; 7:2.

ElMaraghy AW, Devereaux MW, Ravichandiran K, Agur AM. Subacromial
morphometric assessment of the clavicle hook plate. Injury 2010; 41:613-9.

Kim YS, Yoo YS, Jang SW, Nair AV, Jin H, Song HS. In vivo analysis
of acromioclavicular joint motion after hook plate fixation using three-
dimensional computed tomography. J Shoulder Elbow Surg 2015; 24:1106—11.

Erdle B, I1zadpanah K, Jaeger M, Jensen P, Konstantinidis L, Zwingmann
J, et al. Comparative analysis of locking plate versus hook plate
osteosynthesis of Neer type IIB lateral clavicle fractures. Arch Orthop
Trauma Surg 2017; 137:651-662.

OchenY, Frima H, Houwert RM, Heng M, van Heijl M, Verleisdonk EJMM,
et al. Surgical treatment of Neer type Il and type V lateral clavicular
fractures: comparison of hook plate versus superior plate with lateral
extension: a retrospective cohort study. Eur J Orthop Surg Traumatol 2019;
29:989-997.

Fahmy FS, ElAttar M, Abulsoud M, Mohammed AS, Elhalawany M.
Comparative Evaluation of Arthroscopically Assisted Coracoclavicular
Fixation Versus Hook Plate Fixation for Unstable Distal Clavicle Fractures:
A Minimum 2-Year Follow-up Study. Orthop J Sports Med. 2022;
10:23259671221137337.



