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Metaphyseal Disruption Treated with Fibular Allograft Augmentation
and Locking Plate

Doo Sup Kim, Yeo Seung Yoon, Sang Kyu Kang, Han Bin Jin, Dong Woo Lee™

Department of Orthopedic Surgery, Yonsei University Wonju College of Medicine, Woniju, Korea

Background: Proximal humerus fracture is considered to be the third most common fracture for patients aged 65 years or older. Con-
servative treatment has been known to treat most of humerus fracture. However, fractures with severe displacement or dislocation may
require surgical treatment. Intramedullary fibular allograft with a locking plate is frequently used in patients accompanying medial me-
taphyseal disruption. In this study, author intends to evaluate clinical and imaging results based on patients who underwent surgical treat-
ment using fibular allograft with a locking plate.

Methods: This study is conducted prospectively at Wonju Severance Christian Hospital, targeting patients who previously underwent
surgical treatment using open reduction and intramedullary fibular allograft with a locking plate between 2011 and 2015. A total of 26
patients were evaluated on the following: postoperational clinical assessment measuring Constant score, American Shoulder and Elbow
Society (ASES) score, and the Disabilities of the Arm, Shoulder and Hand (DASH) score. Postoperational imaging assessments are evalu-
ated via measuring the neck-shaft angle. The study subject were Neer classification type 3, 4 proximal humerus fracture cases with dis-
rupted medial hinge and having cortical comminution in the region of the surgical neck.

Results: The average period of progression was 22.5 months, and the average age of patients was 72.6 years. At the final follow-up, the
average Constant, average ASES, and average DASH scores were 80.1, 78.5, and 20.6 respectively. The average neck-shaft angle was
127.5°.

Conclusions: In conclusion, fibular allograft augmentation with a locking plate showed satisfying results in both clinical and imaging
studies.

(Clin Shoulder Elbow 2017;20(2):90-94)
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tures, including closed reduction and percutaneous fixation,
open reduction and internal fixation with plate, intramedullary
nail fixation, hemiarthroplasty, such as transosseus suture fixa-
tion, and other several methods are known.”” Among these,

Introduction

Proximal humerus fracture accounts for approximately 4%
to 5% of total fractures and is known to be the third most com-

mon fracture for patients aged 65 years or older.'” Conservative
treatments are considered for most cases of humerus fractures.
However, in cases of severe fracture and dislocation, surgical
treatment may be required for stable fixation and reduction.*”
There are several known surgical treatments for humeral frac-

open reduction and internal fixation with locking-plate tech-
niques are known to exhibit good results, and they are known to
result in satisfactory outcomes when compared with techniques
that use conventional plate in proximal humerus fractures.”""
However, as reported previously, some complications, such as
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varus collapse and screw pull-out, may occur, in 9% to 40% of
cases, when there is medial metaphyseal comminution or osteo-
porotic bone.'*"” Therefore, open reduction and locking plate
techniques have been used through the intramedullary fibular
allograft to reduce such complications. Fibular allograft with a
locking plate technique may possibly prevent additional medial
support and varus malalignment. Thus, these techniques have
been used well in the medial metaphyseal disruption and osteo-
porotic bone, and as a result, considered to be good.'*"® How-
ever, to date, only a few studies have been conducted in Korea
investigating the clinical and imaging results based on patients
who underwent surgical treatment using fibular allograft with a
locking plate.

Methods

This study is conducted retrospectively in Wonju Severance
Christian Hospital, specifically targeting patients who underwent
surgical treatment using open reduction and intramedullay
fibular allograft with a locking plate between 2011 and 2015.
The study included 26 patients (man: 8, women: 18), and the
average age was 72.6 years (range 59-89 years). The average
additional test period was 22.5 months (range, 12-38 months),
and follow-up continued up to an year after surgery—follow-up
loss up within an year after surgery were excluded. Preoperative
evaluation was conducted using shoulder anteroposterior (AP),
lateral x-ray photos, and computed tomography imaging, and
the Neer classification was evaluated using the fracture type.'”*”
Using the Neer classification, 10 patients were classified as 3-part
fractures and 16 patients were classified as 4-part fractures. In
injury mechanism, 16 patients were slip down injury, 8 patients
were traffic accident, and two patients were fall down injury
(Table 1). Postoperative clinical evaluation was assessed, measur-

Table 1. Basic Patient Information

Variable Value

Total case 26
Mean age (yr) 72.6+7.9
Sex (male:female) 8:18
Mean follow-up period (mo) 22.5+7.6
Fracture type (Neer classification)

3-part 10

4-part 16
Injury mechanism

Slip down 16

Traffic accident 8

Falling down 2

Values are presented as number only or mean + standard deviation.

ing the Constant-Murley Shoulder Outcome (Constant) score,
American Shoulder and Elbow Society (ASES) score, and the
Disabilities of the Arm, Shoulder and Hand (DASH) score. At the
final follow-up, functional outcome assessment was performed
using the Constant score. The Constant score was graded as poor
(0-55 points), moderate (5670 points), good (71-85 points),
and excellent (86-100 points).”” Moreover, the above 3 scores
on the non-fractured side (normal side) were measured, and
both sides were compared. The analysis of variance (independent
t-test) was used for statistical analysis. The p-value <0.05 was
considered as significant difference. Postoperative imaging evalu-
ation was assessed by measuring the angle between humeral
head and shaft (humeral neck-shaft angle) in the shoulder AP
plain view. The inclusion criteria were as follows: Neer classifica-
tion type 3, 4 proximal humerus fracture with disrupted medial
hinge, and having a cortical comminution in the region of the
surgical neck. Exclusion criteria were as follows: past history of
shoulder surgery, open fractures, unreconstructable head, and/or
tuberosity fragments. Those who later refused to participate or
failed to cooperate were also excluded. All participating subjects
provided informed consent, and the protocol of this study was
approved by our institutional review board.

Surgical Technique

All surgeries were performed at Wonju Severance Christian
Hospital and implemented by a single author. Surgery was pre-
pared by placing the patient in general anesthesia via the beach
chair position. The deltopectoral approach was carried out in 20
patients, and deltoid-splitting approach was carried out in 6 pa-
tients. After exposing the proximal humerus, No. 5 Ethi-bonds,
located in the rotator cuff tendon, were used to implement the
traction and the reduction process was carried out in joystick
technique using Kirschner wires and Spinal elevator. After insert-
ing the fibular allograft through the subsequent humeral canal,
indirect reduction of the medial column is carried out, while
managing the medialization as much as possible. After confirm-
ing the anatomical reduction by the C-arm, the proximal humer-
al locking plate (Philos plate; Synthes, Oberdorf, Switzerland)
was fixated 2 mm lateral of the bicipital groove and 5 mm distal
of the Greater tubercle. Then No. 5 Ethi-bonds with traction was
conducted, which helped to maintain the reduction (Fig. 1).

Results

At the final follow-up, the average Constant, ASES, and DASH
scores were 80.1 points (range, 53—97 points), 78.5 points (range,
51.6-93.3 points), and 20.6 points (range, 11.7-41.0 points),
respectively. The average neck-shaft angle was 127.5° (range,
115°-139°) (Table 2). Twelve patients had excellent scores, 9
patients had good scores, 4 patients had moderate scores, and
1 patient had a poor score. Moreover, on the normal side, the
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Table 2. Postoperative Clinical and Radiological Results

Fig. 1. (A, B) Anteroposterior x-ray and com-
puted tomography scan show Neer three-
part fracture with metaphyseal disruption.
(C, D) A fibular allograft was inserted and
indirectly reduction of the medial column
was carried out in the humeral canal under c-
arm guidance. (E, F) Postoperative humerus
anteroposterior and lateral x-rays.

Table 3. Comparison between Fracture Side and Normal Side

Variable Value Variable Fracture side Normal side p-value
Mean Constant score 80.1 + 14.0 Mean Constant score 80.1 + 14.0 82.3 +10.7 0.603
Mean ASES score 78.5+11.7 Mean ASES score 785+ 11.7 80.1 +12.2 0.566
Mean DASH score 20.6 £8.9 Mean DASH score 20.6 £8.9 19.8 £8.4 0.725
Mean neck-shaft angle (°) 1275+ 7.9 Values are presented as mean * standard deviation.

Values are presented as mean + standard deviation.
Constant: Constant-Murley Shoulder Outcome, ASES: American Shoulder
and Elbow Society, DASH: Disabilities of the Arm, Shoulder and Hand.

average Constant score, average ASES score, and average DASH
score were 82.3 points (range, 64-98 points), 80.1 points (range,
48.3-96.6 points), and 19.8 points (range, 9.2—40.0 points). The
scores of the normal side was better than those of the fracture
side; however, there was no statistically significant difference
between the two groups when the scores were compared by an
independent t-test (Table 3). All patients had been considered
healed according to the clinical and imaging studies. As for post-
operative complications, there was 1 case of early postoperative
infection, which improved after 4 weeks of oral antibiotic treat-
ment. Moreover, there was one case of varus displacement of
11°, which was kept under observation. One patient underwent
reverse total shoulder arthroplasty due to cuff tear arthropathy
three years after the operation. There were no major complica-
tions, such as loosening of implant and screw, neurovascular
injury, and avascular necrosis of humeral head.
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Constant: Constant-Murley Shoulder Outcome, ASES: American Shoulder
and Elbow Society, DASH: Disabilities of the Arm, Shoulder and Hand.

Discussion

Proximal humerus fracture is known to be most common in
elderly patients following hip fracture and distal radius fracture.”
Although most proximal humerus fractures are treatable by
conservative treatment, those with unstable proximal humerus
fractures, 3-part fracture, 4-part fracture, or medial metaphyseal
disruption frequently undergo locking plate and fibular surgical
treatments using allograft augmentation.'”"” Chow et al.*” ex-
plained how fibula allograft augmentation withstood the repeti-
tive varus loading using the cadevaric specimens. Furthermore,
when using fibular allograft augmentation, compared with when
using only the locking compression plate, it was confirmed that
the former can withstand greater loads.”” In aclinical study,
Walch et al.”” first reported satisfactory results by cancellous
bone grafting of nonunion surgical neck of the humerus by intra-
medullary bone peg. Recently Tan et al.*” announced satisfacto-
ry results in 9 elderly patients with proximal humerus fracture by
a fibular strut graft. On the basis of the results from these studies,



Treated with Fibular Allograft Augmentation in Proximal Humerus Fractures |

Doo Sup Kim, etal. |

we thought the fibular allograft augmentation would be a suf-
ficient medial support, increasing the strength in the proximal
humerus fracture in obtaining high stability. Therefore, we inves-
tigated the clinical and imaging consequences of therapy using
a locking compression plate and fibular allograft augmentation
in unstable proximal humerus fractures. We conducted open
reduction and internal fixation using a locking compression plate
and fibular allograft augmentation in 13 patients with unstable
proximal humerus fractures. As a result, we obtained relatively
satisfying outcomes of clinical and imaginary studies, and there
were no severe complications, such as non-union, screw pen-
etration, and humeral head collapse. However, the study had a
few limitations. First, we could not conduct other treatments to
compare the study with similar cases of fracture. It would have
been a better study if the study included a control group of not
using fibular allograft augmentation. Second, the study was con-
ducted without differentiating the dominant arm from the non-
dominant arm. This would make a gap between clinical results.
Further studies that compensate these limitations are necessary.

Conclusion

In conclusion, fibular allograft augmentation with a locking
plate showed satisfying results in both clinical and imaging stud-
ies. We believe this technique will be a fine treatment in proxi-
mal humerus fractures with metaphyseal disruption, enhancing
medical support and stability.

References

1. Helmy N, Hintermann B. New trends in the treatment of prox-
imal humerus fractures. Clin Orthop Relat Res. 2006;442:100-8.

2. Baron JA, Barrett JA, Karagas MR. The epidemiology of periph-
eral fractures. Bone. 1996;18(3 Suppl):209S-13S.

3. Baron JA, Karagas M, Barrett J, et al. Basic epidemiology of
fractures of the upper and lower limb among Americans over
65 years of age. Epidemiology. 1996;7(6):612-8.

4. Gaebler C, McQueen MM, Court-Brown CM. Minimally
displaced proximal humeral fractures: epidemiology and out-
come in 507 cases. Acta Orthop Scand. 2003;74(5):580-5.

5. Neer CS 2nd. Displaced proximal humeral fractures: part I.
Classification and evaluation. 1970. Clin Orthop Relat Res.
2006;442:77-82.

6. Neer CS 2nd, Rockwood CA. Fractures and dislocations of the
shoulder. In: Rockwood CA, Green DP eds. Fractures. Phila-
delphia: Lippincott; 1975. 610.

7. Scheck M. Surgical treatment of nonunions of the surgical
neck of the humerus. Clin Orthop Relat Res. 1982;(167):255-9.

8. Wirth MA. Late sequelae of proximal humerus fractures. Instr
Course Lect. 2003;52:13-6.

9. Weinstein DM, Bratton DR, Ciccone W) 2nd, Elias JJ. Lock-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

ing plates improve torsional resistance in the stabilization of
three-part proximal humeral fractures. J Shoulder Elbow Surg.
2006;15(2):239-43.

Walsh S, Reindl R, Harvey E, Berry G, Beckman L, Steffen T.
Biomechanical comparison of a unique locking plate versus
a standard plate for internal fixation of proximal humerus
fractures in a cadaveric model. Clin Biomech (Bristol, Avon).
2006;21(10):1027-31.

Clavert B Adam P, Bevort A, Bonnomet F, Kempf JF. Pitfalls and
complications with locking plate for proximal humerus frac-
ture. J Shoulder Elbow Surg. 2010;19(4):489-94.

Krappinger D, Bizzotto N, Riedmann S, Kammerlander C,
Hengg C, Kralinger FS. Predicting failure after surgical fixation
of proximal humerus fractures. Injury. 2011;42(11):1283-8.
Ricchetti ET, Warrender W), Abboud JA. Use of locking plates
in the treatment of proximal humerus fractures. J Shoulder El-
bow Surg. 2010;19(2 Suppl):66-75.

Stidkamp N, Bayer J, Hepp P, et al. Open reduction and
internal fixation of proximal humeral fractures with use of
the locking proximal humerus plate. Results of a prospec-
tive, multicenter, observational study. J Bone Joint Surg Am.
2009;91(6):1320-8.

Owsley KC, Gorczyca JT. Fracture displacement and screw
cutout after open reduction and locked plate fixation of
proximal humeral fractures [corrected]. ] Bone Joint Surg Am.
2008;90(2):233-40.

Matassi F;, Angeloni R, Carulli C, et al. Locking plate and fibular
allograft augmentation in unstable fractures of proximal hu-
merus. Injury. 2012;43(11):1939-42.

Kilcoyne RF, Shuman WP, Matsen FA 3rd, Morris M, Rock-
wood CA. The neer classification of displaced proximal hu-
meral fractures: spectrum of findings on plain radiographs and
CT scans. AIR Am ] Roentgenol. 1990;154(5):1029-33.

Neer CS 2nd. Displaced proximal humeral fractures. I. Classifi-
cation and evaluation. ] Bone Joint Surg Am. 1970;52(6):1077-
89.

Gardner MJ, Weil Y, Barker JU, Kelly BT, Helfet DL, Lorich DG.
The importance of medial support in locked plating of proxi-
mal humerus fractures. ] Orthop Trauma. 2007;21(3):185-91.
Gardner MJ, Boraiah S, Helfet DL, Lorich DG. Indirect medial
reduction and strut support of proximal humerus fractures us-
ing an endosteal implant. J Orthop Trauma. 2008;22(3):195-
200.

Constant CR. Age related recovery of shoulder function after
injury [thesis]. Cork: University College Cork; 1986.

Chow RM, Begum F, Beaupre LA, Carey JP Adeeb S, Bouliane
M. Proximal humeral fracture fixation: locking plate construct
= intramedullary fibular allograft. J Shoulder Elbow Surg.
2012;21(7):894-901.

Walch G, Badet R, Nové-Josserand L, Levigne C. Nonunions
of the surgical neck of the humerus: surgical treatment with

www.cisejournal.org 93



| Clinics in Shoulder and Elbow
| Vol. 20, No. 2, June, 2017

an intramedullary bone peg, internal fixation, and cancellous fracture fixation with locking plate and intramedullary fibular
bone grafting. ] Shoulder Elbow Surg. 1996;5(3):161-8. strut graft. Orthopedics. 2014;37(9):€822-7.
24. Tan E, Lie D, Wong MK. Early outcomes of proximal humerus

94  www.cisejournal.org



