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Role of Fibular Allograft in Proximal Humerus Fractures: A
Systematic Review

Borja Segarra, MD, Marta Molina, MD, and Luis Aguilella, MD, PhD

Objectives: To analyze the outcomes and complication rates of
fibular allografts (FA) as an augmentation technique for proximal
humeral fractures and determine their appropriate indications.

Data Sources: English- and Spanish-language articles in PubMed,
MEDLINE, Embase, Web of Science (Core Collection), and Google
Scholar databases were systematically reviewed with the Preferred
Reporting Items for Systematic Reviews guidelines on April 10,
2020.

Study Selection: Studies of patients with proximal humeral
fractures treated primarily with FA and locking compression plates
and with a minimum follow-up of 6 months were included, and
presenting results with standardized clinical scales, radiological
values, and operative complications.

Data Extraction: Two authors independently extracted data from
the selected studies with a standardized data collection form.
Subsequently, each extracted data set was consolidated on the
agreement of authors.

Data Synthesis: From the initial screening of 361 articles, 5 case
series and 6 retrospective cohort studies were included. A meta-
analysis was not performed.

Conclusions: FA improved the clinical and radiological results,
thereby reducing complications. The optimal indication for this
procedure may be a 4-part fracture with medial column disruption in
younger adults.

Key Words: fibular allograft, augmentation, fibular strut, endosteal
augmentation, proximal humeral fracture, shoulder fracture

Level of Evidence: Therapeutic Level IV. See Instructions for
Authors for a complete description of levels of evidence.

(J Orthop Trauma 2022;36:e425–e430)

INTRODUCTION
Locking compression plates (LCP) have been widely

used in the primary treatment of proximal humeral fractures
(PHF), providing a rigid and stable construct.1,2 However,
because this type of fracture is more prevalent in patients with
poor bone quality3 and bone support, primary repair with
LCP may fail because of fracture comminution,4 leading to
complications such as screw cutout, loss of reduction, and
high reoperation rates.5

To provide greater stability to osteosynthesis, various
alternatives have been suggested, such as the addition of a
structured bone graft6 or cement to screws.7 Gardner et al
proposed the use of fibular allografts (FA) as a structural
augmentation method.8 The technique consists of intramedul-
lary placement of a 5- to 6-cm diaphyseal fragment of the
fibula, facilitating the reduction and support of the humeral
head. The allograft is incorporated into osteosynthesis by
LCP, thus strengthening its fixation. The initial clinical out-
comes of this technique were satisfactory9 and were main-
tained in subsequent studies conducted at the same
institution.10–15 Although there are some systematic reviews
on this technique,16,17 none of them have been conducted
with rigorous inclusion criteria. In addition, new comparative
studies of fibular augmentation with other techniques18,19

have been published in recent years. In light of these obser-
vations, there is an urgent need for a new systematic review of
this topic.

Given the increasing popularity of this treatment in
recent years, we have performed a systematic review of the
literature on the use of FA as an augmentation technique for
osteosynthesis of PHF. The purpose of this study was to
review the applicable indications for FA and to determine
whether its clinical outcomes and complications justify the
use of this technique for PHF.

MATERIAL AND METHODS

Data Sources
A systematic review was performed with the Preferred

Reporting Items for Systematic Reviews (PRISMA) guidelines
under the advice of an experienced librarian. No ethical
approval was required for the study. The review was performed
with the Google Chrome browser (Version 81, Google Inc.) in
Incognito mode. To minimize selection bias, 2 reviewers
independently conducted the search on April 10, 2020. The
search databases included PubMed, MEDLINE, Embase, Web
of Science (Core Collection), and Google Scholar, the latter in
its 200 most relevant results. Articles in English and Spanish
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were selected with no temporary filter. Whenever an option
was presented, the “human” filter was included.

The search algorithm for the study was as follows:
[Fracture Fixation, Internal AND (Humeral Fractures OR
Shoulder Fractures)] AND [(Fibula AND Bone
Transplantation) OR Fibula Strut OR Endosteal
Augmentation OR Allograft Fibula)]. MeSH terms were used
along with all their synonyms for “Fracture Fixation,
Internal,” “Humeral Fractures,” “Shoulder Fractures,”
“Fibula,” and “Bone Transplantation.” Free texts that include
“Fibula Strut,” “Endosteal Augmentation,” and “Allograft
Fibula” were also examined because these terms were re-
ported in the existing literature but did not match any MeSH.

Study Selection
All titles and abstracts were screened for duplicates. We

then classified and removed biomechanical and cadaveric
studies, review articles, clinical cases, research of other
augmentation techniques, and articles describing unrelated
pathologies. The inclusion criteria for the final selection were
as follows: articles containing patients with PHF treated
primarily with LCP and FA, minimum follow-up of 6 months,
standardized scale for measuring clinical outcomes, and
recorded complications. Both reviewing authors subsequently
agreed on the studies selected. In the absence of selection
consensus by the reviewing authors, the senior author would
determine whether a particular study met inclusion criteria. If
a duplicate population was observed, only the study with the
largest sample size was included.

In each article, we extracted the number of patients, their
age and average follow-up, type of fracture treated according to
Neer’s classification,20 clinical outcome using scales, radiolog-
ical outcome, range of motion obtained, and complications.
The clinical scales were either generic, such as the Disability
of the Arm, Shoulder, and Hand (DASH) scale, 36-Item Short
Form (SF-36) scale, and Visual Analog Scale (VAS), or spe-
cific to the shoulder, such as the Constant-Murley Score
(CMS), American Shoulder and Elbow Surgeons (ASES)
scale, and University of California at Los Angeles scale.
Radiological results were analyzed by the neck-shaft angle
(NSA), which assesses the varus or valgus consolidation of
the fracture, and humeral head height (HHH) loss, which mea-
sures the loss of reduction by measuring the height of the
humeral head relative to the plate. In addition, we extracted
data regarding the rehabilitation protocol and technical details
of surgery. The Center for Evidence-Based Medicine external
scale was used to calculate the level of evidence for each
included study.21 The Coleman methodology score was used
to evaluate the quality of the studies.22 The final score was
defined as excellent (85–100 points), good (70–84 points), fair
(50–69 points), and poor (,50 points).

Data Extraction
Data were extracted and transferred independently by

both researchers on forms specifically designed for this task.
On reaching selection consensus by the authors, the data were
entered into a Microsoft Word table (version 2011;
Microsoft).

RESULTS
Of the 361 studies identified, 11 were included in the

final analysis (Fig. 123). Table, Supplemental Digital
Content 1 (see Table, http://links.lww.com/JOT/B728) pre-
sents the main characteristics of the selected studies. Five
studies had a level of evidence of IV (case series studies),
and 6 had a level of evidence of IIIB (cohort retrospective
studies). Of the latter 6, 4 studies compared the combined use
of FA with LCP versus LCP alone. The fifth study from this
group compared the use of LCP with inferomedial screws
versus FA without inferomedial screws, whereas the last
study compared the use of FA in geriatric and nongeriatric
cohorts. According to the Coleman methodology score, 5
studies were conducted with a poor methodology, whereas
the other 6 studies followed a fair methodology.

The most frequently accepted indication was disruption
of the medial column, defined as metaphyseal comminution
and loss of medial column support. These criteria were
applied to 2-, 3-, or 4-part fractures. Of the 685 patients
included in the studies, 455 were treated by FA. Among the
FA patients, 224 (49%) had 3-part fractures, 138 (30%) had
4-part fractures, and 92 (20%) had 2-part fractures. The
average age of the patients was 69 years with the minimum of
50 years, except in 2 studies14,24 that were conducted without
lower age limit. Hinds et al15 studied the differences between
the geriatric and nongeriatric cohorts. The developers of the
technique14,15 used a transdeltoid approach, whereas others
used a deltopectoral approach. Postoperatively, most authors
used a sling to progressively facilitate mobilization.

The average follow-up period was 27 months. Clinical
results were assessed by validated scales, with CMS being the
most common. The details of the average scores are shown in
Table 1. Regarding studies comparing LCP versus FA, Chen
et al25 demonstrated higher scores for the FA group in both the
CMS (74 vs. 70; P = 0.02) and DASH (36 vs. 49; P = 0.001)
scales. Kim et al26 showed similar outcomes in both the
Constant scale and VAS for 3-part fractures. However, 4-part
fractures obtained better outcomes in the FA group in the CMS
scale (78 vs. 69; P = 0.038) and VAS (1.4 vs. 2.8; P = 0.045).
Cui et al18 demonstrated better results in patients treated with
FA for the CMS (79 vs. 73; P = 0.024) and ASES (79 vs. 73;
P = 0.022) scales. Similar results were obtained in Zhao et al19

for the CMS (86 vs. 80; P = 0.02), ASES (88 vs. 82;
P = 0.024), and DASH (18 vs. 28; P , 0.001) scales.
Besides these studies, Lee et al27 also revealed better results
in FA group on the Constant scale, ASES scale, and VAS,
without reaching statistical significance.

Two comparative studies18,27 highlighted the advan-
tages of range of motion (ROM) when using fibular support.
Lee et al27 demonstrated better mean flexion (149 vs. 125
degrees; P = 0.042) and similar external rotation for both
groups (59 vs. 53 degrees). In the study of Cui et al,18 the
FA group exhibited a better flexion (144 degrees vs. 128
degrees; P = 0.01) and abduction (141 vs. 122 degrees;
P = 0.002). Hinds et al15 showed a significant result of 10
degrees more mobility for shoulder flexion in a nongeriatric
cohort. No study has collected the ROM associated with each
type of fracture according to Neer et al20
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All studies used plain x-rays to perform measurements
during follow-up. The HHH loss was collected as an absolute
value in 7 articles.14,15,18,19,24,27,28 In 3 of them, the mean HHH
loss of the FA group (1.3 mm) was significantly shorter than that
of the LCP group (4.3 mm) (Lee et al27: P = 0.021; Cui et al18:
P , 0.001; Zhao et al19: P , 0.001). Some authors defined loss
of reduction as an HHH loss greater than 3 mm18,24,27 or 5 mm.25

The first scenario occurred in 10 (7%) patients treated with
FA18,24,27 and 46 (53%) patients treated only with LCP.18,27

The second scenario occurred in 2 (4%) patients treated with
FA and 9 (21%) patients treated only with LCP (P = 0.022).25

The NSA was collected as an absolute value in 7
articles.14,19,24–26,29,30 Three articles were comparative19,25,26

with an average result of 131 degrees for patients with FA and
127 degrees for the patients treated only with LCP.19,25,26

These differences were significantly enhanced for 3- and 4-
part fractures in the study by Kim et al26 when using FA.
Some studies measured the change in the NSA instead of the
absolute value.14,18,19,27,29,30 These analyses showed a value
of 3-degree change for patients treated with FA, which was
significantly lower than the 10-degree change for those trea-
ted only with LCP.18,19,27 Two authors18,27 interpreted a sta-
tistically significant change greater than 5 degrees as varus
collapse of the fracture, which occurred in 8 (11%) patients
with FA and 51 (59%) patients treated only with LCP.

All the studies reported complications related to the
technique. According to the studies comparing FA versus

TABLE 1. Average Scores for Patients Treated With Fibular
Allograft

CMS 81/100

ASES 82/100

UCLA 29/35

DASH 27/100

VAS 1.7

SF-36 81/100

SF-36, 36-Item Short Form.

FIGURE 1. Flowchart of literature
search and study selection.
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LCP only,18,19,25–27 a total of 82 complications were
described. Patients treated with LCP within the 5 comparative
studies18,19,25–27 suffered 64 complications versus 18 for
those treated with the addition of FA. Significantly higher
complications in the LCP group were found in 3 stud-
ies.19,25,26 Hinds et al15 reported no complications in the non-
geriatric cohort compared with the 2 complications described
in the geriatric cohort.

The most common complication in this systematic
review was screw cutout. Nine cases were present in patients
with FA (2%), whereas 18 cases (12%) among patients
treated only with LCP. In all the comparative studies,18,19,25–
27 screw cutout was lower with the use of FA and reached
statistical significance in Chen et al25 (P = 0.049). Twenty-
one cases of avascular necrosis of the humeral head (AVN)
were described. Thirteen cases of AVN (3%) were present in
the FA group, whereas 8 cases (3%) were detected in the LCP
group. Patients who developed AVN either refused treat-
ment15,24 or followed conservative treatment.27 The remain-
ing studies did not provide further details on the follow-up of
these patients.14,18,19,25

DISCUSSION
Optimal selection of surgical treatment for PHF remains

a topic of debate. Widely used techniques such as LCP31 are
not exempt from a high rate of complications, which include
screw cutout and AVN, accounting for approximately 52% of
reoperations.5,32 This complication rate justifies the current
increasing trend for indication of reverse arthroplasty in older
patients33 and conservative treatment.34,35 Augmentation
techniques such as FA addition have been shown to provide
greater rigidity and load resistance in biomechanical stud-
ies.36 Its purpose is to provide medial support to prevent
frequent complications.

We used a database selection method that has proven to
be the most comprehensive37 because it allows for the inclu-
sion of both accepted and published articles.38 Nevertheless,
publication bias may have affected our search. The extracted
articles, which did not include any prospective studies or
clinical trials, were categorized according to their level of
evidence and evaluated for their quality. The main limitation
of this systematic review is the low level of evidence in the
published studies. Our study may have been affected by the
region setting in Google Chrome, which can alter the order of
the results obtained, even in the Incognito mode. Similarly,
the studies did not specify whether the CMS had been
adjusted for age. Some studies did not consider the presence
of some complications, which could be inferred by poor
radiological results. Although studies with repeated patient
series were excluded, we included the studies by Little
et al14 and Hinds et al15 because their cohorts overlap just
partially.

Five articles with large cohorts of at least 40 patients
compared FA augmentation with the classical technique of
LCP. The use of FA obtained better outcomes in the clinical
scales in all comparative studies, with statistical significance
observed in 4 of them.18,19,25,26 Kim et al26 also compared the
results by fracture type and concluded that 4-part fractures

with absence of medial support obtained greater clinical ben-
efit with FA addition. This finding can be explained by the
greater instability of this type of fracture, with the differences
being less pronounced in 2- and 3-part fractures. Similarly,
patients treated with FA improve their range of motion by an
average of 21 degrees for flexion18,27 and 19 degrees for
abduction.18 The nongeriatric cohort study by Hinds et al15

also obtained better forward flexion, which deserves addi-
tional clinical attention and further assessment.

Regarding the radiological results, the loss of reduction
measured by the HHH was mitigated with the use of FA,
which can be explained by the support provided in the axial
plane to prevent the fracture from collapsing. According to
the absolute value of NSA, most patients obtained an optimal
radiological result with anatomical reduction,39,40 which was
improved in both 3- and 4-part fractures treated with FA.26

Similarly, according to the criteria used by some authors, FA
prevented varus collapse of the fracture, decreasing changes
in the NSA throughout the follow-up.18,19,27

In comparative studies, fewer complications were
observed with the addition of FA.19,25,26 From example,
screw cutout, one of the main complications of the LCP tech-
nique, decreases with the use of FA. This finding can be
explained by the greater stability and stiffness of the construc-
tion provided by FA addition. Unlike screw cutout, similar
rates of AVN were observed in the FA and LCP groups. The
lack of reduction in AVN rate may be related to the treatment
indication from the selected studies (ie, disruption of the
medial column and a critical area for vascularization of the
humeral head41). Hinds et al15 did not report any complica-
tions in a nongeriatric cohort, indicating that the technique is
safer in this age group. This finding may be explained by the
need for less bone augmentation, given the better bone
quality.

The benefit of using an FA is contrasted by the
difficulty of performing reverse total shoulder arthroplasty
(rTSA) because of failure of the technique. This technical
difficulty and the number of cases converted to arthroplasty
have not been mentioned in any of the articles. Nevertheless,
this is one of the reasons why experienced shoulder surgeons
might not use this technique. By the time AVN is established
and revision surgery is indicated, the allograft is already
integrated in 80% of the cases.42 Plain x-rays may give a
misleading appearance of integration because the allograft
still exhibits well-defined contours. In such cases, magnetic
resonance imaging (MRI) provides the most valuable
information.43

Articles published to date suggest conversion into rTSA
should be addressed as a revision arthroplasty through a
deltopectoral approach.42 The removal of the strut is crucial to
its performance. The strut can be removed by separating the
allograft from the surrounding bone with flexible osteotomes.
A tap can then be inserted into the medullary canal to com-
plete the extraction.44 When this is not possible, a reamer may
be used to gradually allow a small stem to fit. During the
reaming process, the strut might break into smaller extractable
pieces. Because the allograft is usually integrated, extraction
is challenging. The loss of metaphyseal bone also poses a risk
of humeral fracture. Whenever possible, press-fit humeral
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stems are preferred to avoid leakage of cement through the
holes resulting from implant removal.42

Current evidence shows that the clinical and radiolog-
ical outcomes of patients treated with FA are better than those
treated with LCP alone. A reduction in the rate of compli-
cations, particularly in screw cutout, is also observed with the
use of FA. This systematic review suggests that 4-part
humeral fractures with disruption of the medial column or
metaphyseal comminution may receive the optimal clinical
benefit with the introduction of this technique to avoid
replacement, maintain reduction, and preserve the bone.
Given the lower number of complications, the application
of FA in younger patients should be considered. Other
considerations include the economic cost, additional surgical
time, and possible conversion to rTSA.
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