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Abstract

Objective: The aim of this study is evaluating the long-term results and
complications of hook plate (HP) used in acromioclavicular joint (ACJ) dislocations.
Materials and Methods: Sixty-two cases who were operated for ACJ separation
with HP technique between 2010 and 2015 were evaluated retrospectively. Clinical
and radiological outcomes and long term complications evaluated.

Results: The mean disabilities of the arm, shoulder and hand questionnaire score
was 5+1, the mean Constant-Murley score was 92+6. Coracoclavicular distance
measurement on the first day after surgery showed an overcorrection compared
to the intact extremity. Some reduction loss was detected in the fifth year
measurements.

Conclusion: Decrease in reduction loss at the end of the fifth year did not have a
negative effect on the clinical outcomes of the shoulder.

0z

Amac: Bu ¢alismanin amaci; akromiyoklavikuler eklem (ACJ) ¢ikiklarina uygulanan
hook plate'in (HP) uzun dénem sonuclarini ve komplikasyonlarini degerlendirmektir.
Gere¢ ve Yontemler: ACJ separation nedeni ile 2010 ila 2015 yillari arasinda
HP kullanilarak opere edilen 62 olgu retrospektif olarak degerlendirildi. Klinik,
radyolojik sonuclar ve uzun dénem komplikasyonlar incelendi.

Bulgular: Klinik degerlendirmeler sonucunda ortalama kol, omuz ve el sorunlari
anketi skoru 5+1, Constan-Murley skoru ortalama 92+6 idi. Korakoklavikiiler
mesafe ameliyat sonrasi ilk giin 6lciimiinde saglam ekstremite ile kiyaslandiginda
fazladan diizeltme (overcorrection) goriildii. Besinci yil 6lctimlerinde ise bir miktar
rediiksiyon kaybi tespit edildi.

Sonug: Besinci yilin sonunda rediiksiyon kaybindaki bu dusisiin omuz klinik
sonuclarina negatif etkisi gortilmemistir.
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Introduction

Acromioclavicular joint (ACJ) separation accounts
for 9% to 12% of all shoulder girdle injuries (1).
Rockwood type | and Il injuries in which the
coracoclavicular ligaments are still intact are usually
treated conservatively (2). In Type -V injuries,
surgical treatment is generally recommended (3).

Up to know several surgical procedures including;
open reduction and fixation methods with many
different methods such as screw, plate, Kirschner wire,
sutures and hook plate (HP) have been described in
the surgical treatment of ACJ separation (4). Despite
the fact that the HP technique being used frequently,
it is associated with a high rate of complications
needing implant removal (3). However, current
literature lacks of long term follow-up studies to show
exact results with HP technique. Although there are
some short-term studies after HP technique, studies
showing long-term results are needed.

The aim of the current study is to evaluate the long-
term clinical and radiological results of ACJ separation
cases operated with HP.

Materials and Methods

The study protocol was approved by the Ethics
Committee from Aydin Adnan Menderes University
Faculty of Medicine (protocol number: 2022/103,
date: 09.06.2022). Seventy-four patients who
operated with HP between 2010 and 2015 for ACJ
separation were evaluated retrospectively. Informed
consent has been provided from all patients before
surgery. Patients aged 18 years and over and treated
surgically by HP method were included in the study.
Total sixty-two patients who met the inclusion criteria
were included in the study. The shortest follow-up
period was determined to be five years. No additional
pathology, no previous surgical history from the same
extremity were required in the inclusion criteria.
Those who did not come for follow-up after 5 years
(n=9), those who had additional injuries (n=2), and
those who had a previous upper extremity surgery
(n=1) were excluded from the study.

All patients were operated with same procedure
and same trauma surgeon: open reduction and
internal fixation with HP. In this procedure patients
were operated in beach chair position. After incision
and dissection, ACJ reducted and held with a
reduction clamp. HP with 18 mm offset were used.
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Final location of hook was just near to acromial
joint posterior border. No repair were performed for
ligament recontruction.

The ACJ separation classification of all cases were
carried out according to the Rockwood classification
with preoperative X-rays (5). Implant removal times
were evaluated as well. The coracoclavicular distance
(CCD) was measured to evaluate the reduction quality.
CCD measurements on radiographs were carried-out
without using weights, as suggested by Bossart et al.
(6). CCD was measured preoperatively for injured and
intact extremities. In addition, CCD measurements
were carried out on the first day after surgery and at
the last follow-ups after five years.

In the rehabilitation program, passive movements
were applied in the first postoperative week, active
training of shoulder muscle groups after 3-6 weeks,
active sports and strength exercises were started after
6 months, for a total of 1 year.

The disabilities of the arm, shoulder and hand
questionnaire (DASH) and Constant-Murley score
(CMS) were used to evaluate clinical outcomes (7).
DASH scores were evaluated at the first follow-up
and fifth year. CMS was measured preoperatively for
intact and injured extremities. Then, CMS evaluation
of the injured extremity was performed on the first
postoperative day and at the last follow-up by the
same orthopedic surgeon. CMS of postoperative first
day and last measurement were compared. Range
of movement (ROM) of injured side and additional
potential complications were evaluated and noted at
the last follow-ups as well.

Statistical Analysis

SPSS (IBM Statistics, Version 26) was used for
statistical analysis of the data. Categorical variables
were summarized as number (n) and percent (%),
continuous variables as mean + standard deviation,
median (min-max). Since continuous variables
were not normally distributed (Kolmogorov-
Smirnov and Shapiro-Wilk p<0.05), test were used
to evaluate continuous variables. The changes
between preoperative and postoperative values were
evaluated with Wilcoxon signed ranks analysis. P<0.05
was considered to be statistically significant.

Results

The mean age was 45.35213.65. Twenty-nine
of the patients were female and 33 were male. The
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operated shoulder was right in 33 and left in 29
patients. The cause of injury was sports injury in 12
(19.3%) patients, traffic accident in 20 patients, and
simple traumas in 30 patients. While trauma exposure
was direct in 46 patients, it was indirect in 16 (25.8)
patients.

According to the Rockwood classification, 13
patients were type lll, 3 patients were type IV, and
46 patients were type V injuries. The mean follow-up
period was 65.82+4.65 months. Implant removal was
performed in all patients after one year. The mean
time of removal of the implant was determined as
409.14432.5 (377-432) days (Table 1).

Radiological results revealed that, the mean CCD
was 8.92+2.8 in the non-injured extremity. While the
mean preoperative measurements were 20.26+6.87
on the injured side, it decreased to 8.59+2.69 on the
first postoperative day (p<0.001). Compared to the
intact extremity, the CCD was lower in the operated
extremity, and overcorrection was achieved with
surgery (p<0.001). In CCD final control measurements,
the mean was 11.49+3.99. Compared to the first day
after surgery, a significant increase in the amount of
CCD was observed at the last follow-up (p<0.001)
(Table 2,3).

Considering the clinical results, at the last follow up:
the mean DASH score of the patients was 5.06+£0.82,
the CMS score was 92.2916.5.

At the last follow up a palpable pain on ACJ was
evident in 10 patients and during active ROM in
4 patients. ACJ separation reoccurred in one case
on the 10" postoperative day. This case operated
using a longer HP and did not encounter a following
complication during five year follow ups.

Superficial infection was observed in two patients
and the infection regressed in both patients after oral
antibiotic treatment. Heterotopic ossification was
observed in two patients. He was followed up without
any intervention. (Table 2).

Discussion

In our study, the long-term radiological and clinical
results of the patients in which HP technique was
used for ACJ separation were evaluated. The applied
method was evaluated with clinical scoring systems
and successful results were obtained. As a result
of radiological evaluations, disadvantages such as
increased CCD and loss of reduction were detected.
However, these results had no effect on the clinical
evaluation of the patient. Data on long-term results

| Table 1. Demographic and clinical data of patients

Age (year)
Mean  SD, Median (min-max) 45.35£13.65 45 (22-74)
Gender Female 29 46.8

Male 33 53.2
Injured side Right 33 53.2

Left 29 46.8
Cause for ACJ separation Sport 12 19.4

Traffic accident 20 323

Everyday routine 30 48.4
Trauma mechanism Direct impact 46 74.2

Indirect impact 16 25.8
Rockwood clasification Type 3 13 21.0

Type 4 3 48

Type 5 46 74.2
e O ssastss | oa(eos)
I/'Ir::nif ;”Spagtdlrae;“{’;f‘r:(iaa‘)’()) 409.14+32.59 406.5 (365-502)

min-max: Minimum-maximum, SD: Standard deviation, ACJ: Acromioclavicular joint

Meandros Med Dent J 2022;23:509-514



512 Sisman et al. Hook Plate Long Term Results

of HP surgery for ACJ seperation are not available in
literature. In this sense, this study, which evaluates
long-term results with a follow-up period of at least
five years, may be a pioneer in the literature.

Many surgical options have been described in the
treatment of ACJ dislocations, and the advantages and
disadvantages of these treatments have been reported
in the literature (8). HP technique, which is one of the

Table 2. Clinical and radiological outcome of patients

DASH score last control 5.06+0.82 5 (4-9)
CMS uninjured side- 93.63+6.58 | 94 (52-100)
preoperation
CMS last control 92.29+6.5 92 (54-100)
VAS last control 0.11+0.48 0 (0-3)
CCD uninjured side-
preoperation " _
Mean & SD, median 8.92+2.8 7.9 (3-15.2)
(min-max)
CCD injured side-
preoperation )
Vize == BF) mredhen 20.26+6.87 | 18.35 (6.9-34.2)
(min-max)
CCD injured side-
postoperation 1. day :
iz 2= GF) rredhen 8.59+2.69 7.55 (2.5-16)
(min-max)
CCD last control
Mean * SD, median 11.49+3.99 | 10.4 (3.1-23.8)
(min-max)
Pain around the ACJ | Yes 10 16.1%
with palpation

No 52 83.9%
Pain during motion Yes 4 6.5%
around the ACJ

No 58 93.5%

DASH: The disabilities of the arm, shoulder and hand questionnaire,
CMS: Constant-Murley score, VAS: Visual analogue scale, CCD:
Coracoclavikuler distance, ACJ: Acromioclavicular joint, min-max:
Minimum-maximum, SD: Standard deviation

Table 3. Comparative results of coracoclavicular distance
measurement

CCD injured side-preoperation - CCD injured <0.001
side postoperation 1. day

CCD injured side-postoperation 1. day - CCD <0.001
last control

CCD uninjured side - CCD injured side <0.001
postoperation 1. day

CCD: Coracoclavicular distance
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most commonly used methods in surgical treatment,
is widely used because it provides stable fixation
against deforming forces in the rotational, horizontal
and vertical axis and allows early movements (9).
CMS scores are generally used in studies to evaluate
the clinical success of the HP technique. For example
Koukakis et al. (10) was found CMS score 6 months
after plaque removal 96.4 and it was found to be 97
in Salem and Schmelz's (9) 30-week follow-up study
(9-10). Di Francesco et al. (11) had reported a mean
91.79 CMS after mean 18 months follow-up. Also
Jafary et al. (12), had reported a mean 94.5 point CMS
result after 9 months of follow up. In our study, the
mean CMS value was 92.29+6.5. Although implant
removal was performed later in this study compared
to other studies, similar results were obtained in CMS
values when compared with short and medium-term
studies. These results showed us that there is no harm
in performing implant removal in the late period.

Complications such as implant failure, implant
loosening, instability, penetration into the humeral
head, subacromial impingement, rotator cuff muscle
degeneration, infection, subacromial erosion, and
neurovascular injury have been reported after HP
technique (13,14). Huang et al. (15) had reported the
complication rate after HP to be 37.5%. In our study,
the complication rate was found to be 11.3% in the
follow-ups of the cases who were operated using
HP for fixation. However, in our study, subacromial
erosion could not be measured because of insufficient
measurement with direct radiography. Current
literature reports that the rate of subacromial erosion
evaluated with computed tomography (CT) to be 30%
(16). Thereisa need for a study measuring subacromial
erosion in patients with late implant removal and in
cases with long follow-up. Our treatment choice was
in the direction of HP due to our clinical experience
and surgeons preference.

There is no definite consensus regarding the time
of removal of the implant in patients who underwent
HP. Generally, removal of the implant depends on the
patient’s symptoms, and if there is persistent pain
in the postoperative period, it is recommended to
be performed within the first 3 months (9-11,13,17-
20). If the patient does not have shoulder pain, it is
recommended to remove the implant after the first 3
months (12,17-20).
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Contrary to the general opinion, there are articles
recommending that implant removal should not be
performed in the first three months, even if there is
pain and limitation of movement. however, there are
also studies suggesting removal of the implant in early
period (21-23).

Pain scores have been reported to better when
implant remowal performed in 3 months after surgery
(9-11,13,17-20). Koukakis et al. (10) have reported a
mean 0.87 VAS, Sarrafan et al. (19) reported a mean 4
VAS, and Steinbacher et al. (20) had reported a mean
1.8 VAS. In these studies, the implant removal time
is earlier than in our study. In our study, as per our
clinical practice, if there was no severe limitation of
movement or intolerable pain, implant removal was
performed one year later at the earliest. Despite the
altered implant removal time in our study, a lower
pain score is detected compared to the medium and
short-term results.

Loss of reduction after implant removal is one
of the controversial issues. Reduction loss has been
reported for 3-67% of cases after removal of the HP
(9,10,17,21). In the study of Hemmann et al. (24), an
increase in CDD distance of 3.8+0.6 was observed
when theimplant was removed afteramean 6412 days
of surgery. Although radiological findings of reduction
loss are obtained, there are articles showing that this
loss is not reflected in clinical results. In the article
published by Smith et al. (25) in 2011, conservative
treatment and surgical treatment were compared.
In this study, it was stated that anatomical reduction
is not essential for good functional outcomes. In our
study, implant removal was performed after a mean
409.14+£32.59 days, and 2.9 mm increase in CCD was
detected. In our study, the implants were removed
later than in the literature and it was observed that
the reduction loss was less.

The study has several limitations. Retrospective
design and the inaccessibility of data for some of the
patients can be seen as the most important limitations
when evaluating long-term results. In addition, due
to our clinical practice in radiological evaluation, not
having stress radiographs and not using CT before
implant removal prevent drawing exact results.
It would be illuminating to conduct prospectively
designed, multicenter studies on this subject with a
specific patient group.

Conclusion

Fixation of ACJ separation with HP appears to
have satisfactory long-term clinical outcomes. The
most important disadvantage is the need for an exact
implant removal and reduction loss.

Ethics

Ethics Committee Approval: The study protocol
was approved by the Ethics Committee from Aydin
Adnan Menderes University Faculty of Medicine
(protocol number: 2022/103, date: 09.06.2022).

Informed Consent: Informed consent has been
provided from all patients before surgery.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: A.S., $.0.S.,
Concept: A.S., C.P, S.0.S., Design: A.S., $.0.S., Data
Collection or Processing: A.C.C., C.P.,, Analysis or
Interpretation: A.S., A.C.C., Literature Search: A.C.C,,
C.P., Writing: A.S.

Conflict of Interest: No conflict of interest was
declared by the authors.

Financial Disclosure: The authors declared that
this study received no financial support.

References

1. Nordqvist A, Petersson CJ. Incidence and causes of shoulder
girdle injuries in an urban population. J Shoulder Elbow Surg
1995; 4:107-12.

2. Reid D, Polson K, Johnson L. Acromioclavicular joint separations
grades I-IlI: a review of the literature and development of best
practice guidelines. Sports Med 2012; 42: 681-96.

3.  Frank RM, Cotter EJ, Leroux TS, Romeo AA. Acromioclavicular
Joint Injuries: Evidence-based Treatment. J Am Acad Orthop
Surg 2019; 27: 775-88.

4. Lyons FA, Rockwood CA Jr. Migration of pins used in operations
on the shoulder. J Bone Joint Surg Am 1990; 72: 1262-7.

5.  Rockwood CA Jr. Fractures and dislocations of the shoulder.
In: Rockwood CA Jr, Green DP, editors. Rockwood and Green’s
Fractures in Adults. Philadelphia, PA: Lippincott, 198: 860-910.

6. Bossart PJ, Joyce SM, Manaster BJ, Packer SM. Lack of efficacy
of 'weighted' radiographs in diagnosing acute acromioclavicular
separation. Ann Emerg Med 1988; 17: 20-4.

7. Constant CR, Murley AH. A clinical method of functional
assessment of the shoulder. Clin Orthop Relat Res 1987: 160-4.

8. Beitzel K, Cote MP, Apostolakos J, Solovyova O, Judson CH, Ziegler
CG, et al. Current concepts in the treatment of acromioclavicular
joint dislocations. Arthroscopy 2013; 29: 387-97.

9. Salem KH, Schmelz A. Treatment of Tossy Il acromioclavicular
joint injuries using hook plates and ligament suture. J Orthop
Trauma 2009; 23: 565-9.

Meandros Med Dent J 2022;23:509-514



514  Sisman et al. Hook Plate Long Term Results

10. Koukakis A, Manouras A, Apostolou CD, Lagoudianakis E,
Papadima A, Triantafillou C, et al. Results using the AO hook
plate for dislocations of the acromioclavicular joint. Expert Rev
Med Devices 2008; 5: 567-72.

11. Di Francesco A, Zoccali C, Colafarina O, Pizzoferrato R, Flamini
S. The use of hook plate in type Ill and V acromio-clavicular
Rockwood dislocations: clinical and radiological midterm results
and MRI evaluation in 42 patients. Injury 2012; 43: 147-52.

12. Jafary D, Shokouh HK, Mazhar FN, Zadeh HS, Mochtary T. Clinical
and radiological results of fixation of acromioclavicular joint
dislocation by hook plates retained for more than five months.
Trauma Mon 2014; 19: e13728.

13. Yoon JP, Lee BJ, Nam SJ, Chung SW, Jeong WJ, Min WK, et al.
Comparison of Results between Hook Plate Fixation and
Ligament Reconstruction for Acute Unstable Acromioclavicular
Joint Dislocation. Clin Orthop Surg 2015; 7: 97-103.

14. Hoffler CE, Karas SG. Transacromial erosion of a locked subacromial
hook plate: case report and review of literature. J Shoulder Elb
Surg 2010; 19: 12-5.

15.Huang YC, Yang SW, Chen CY, Lin KC, Renn JH. Single coracoclavicular
suture fixation with Mersilene tape versus hook plate in the
treatment of acute type V acromioclavicular dislocation: a
retrospective analysis. J Orthop Surg Res 2018; 13: 110.

16. Shimpuku E, Uchiyama Y, Imai T, Takatori N, Watanabe M.
Relationship Between Subacromial Bone Erosion and Hook
Position of Clavicular Plate in Distal Clavicle Fractures. J Orthop
Trauma 2022; 36: e243-9.

17.Kumar N, Sharma V. Hook plate fixation for acute acromioclavicular
dislocations without coracoclavicular ligament reconstruction:
a functional outcome study in military personnel. Strategies
Trauma Limb Reconstr 2015; 10: 79-85.

Meandros Med Dent J 2022;23:509-514

18.EschlerA, Gradl G, Gierer P, Mittimeier T, Beck M. Hook plate fixation
for acromioclavicular joint separations restores coracoclavicular
distance more accurately than PDS augmentation, however
presents with a high rate of acromial osteolysis. Arch Orthop
Trauma Surg 2012; 132: 33-9.

19. Sarrafan N, Nasab SAM, Gholaminejad S. Comparison of the
efficacy of hook plate versus pinning in treatment of acute
acromioclavicular joint dislocation. Pak J Med Sci 2012; 28: 879-
82.

20. Steinbacher G, Sallent A, Seijas R, Boffa JM, Espinosa W, Cugat R.
Clavicular hook plate for grade-Ill acromioclavicular dislocation.
J Orthop Surg (Hong Kong) 2014; 22: 329-32.

21. Baets D, Truijen J, Driesen R, Pittevils T. The treatment of
acromioclavicular joint dislocation Tossy grade Il with a clavicle
hook plate. Acta Orthop Belg 2005; 70: 515-9.

22. Faraj A, Ketzer B. The use of a hook-plate in the management of
acromioclavicular injuries: report of ten cases. Acta Orthop Belg
2002; 67: 448-51.

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

24. Hemmann P, Koch M, Gihring M, Bahrs C, Ziegler P.
Acromioclavicular joint separation treated with clavicular hook
plate: a study of radiological and functional outcomes. Arch
Orthop Trauma Surg 2021; 141: 603-10.

25. Smith TO, Chester R, Pearse EO, Hing CB. Operative versus
non-operative management following Rockwood grade Il
acromioclavicular separation: a meta-analysis of the current
evidence base. J Orthop Traumatol 2011; 12: 19-27.



