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ABSTRACT

Introduction: Nonunion of the humeral shaft

occurs in between 2% and 10% of non-surgically

treated fractures and up to 15% of fractures

treated with initial open reduction and internal

fixation. The definition of recalcitrant nonunion

is still under debate. The purpose of this study is

to present the outcomes of a series of patients

with recalcitrant pseudarthrosis of the humerus

who were treated with stable osteosynthesis

combined with biological reconstruction using

allograft utilizing a novel surgical approach.

Materials and Methods: The series included 33

patients treated between 2012 and 2021. 20

women and 13 men, with a mean age of 65.4

years. The evolution time of recalcitrant

pseudarthrosis was 33.3 months. The mean

follow-up was 33.2 months.

Results: Out of a total of 33 patients treated with

this technique, 32 (97%) achieved a complete

consolidation and one patient had a partial

consolidation. The average consolidation period

was 4.6 months and the complete osseo

*integration of the allograft was 8.1 months. For

the functional evaluation, the visual analog scale

(VAS), ASES score, Constant score and elbow

motion arcs were taken into account.

Conclusions: Even among experienced surgeons,

the treatment of recalcitrant pseudarthrosis of

the humerus remains an obstacle and an

unsolved challenge. The use of a specialized

osteosynthesis material added to a bone allograft

fixed with screws significantly increases

mechanical stability, allowing early range of

motion, and works as an osteoinductive and

osteo-conductive scaffold, all of which are

essential for consolidation.

Keywords: nonunion; recalcitrant; allograft;

humeral fractures.

I. INTRODUCTION

Humeral diaphysis fractures occur between the

upper edge of insertion of the pectoralis major

proximally and the supracondylar ridge distally.

These injuries constitute 1.2% of all fractures in

adults,
1
and have an annual incidence of between

10 and 20 per 100,000 inhabitants.
2-5

In

published studies, the incidence of nonunion in

humerus fractures varies considerably, from 2%

to 10% of conservatively treated fractures, and

15% of operated fractures.
6-8

This variance is

attributed to the unusual vascular contribution of

the humeral diaphyseal area, which in 93.8% of

cases is represented by a nutrient foramen.
9
Most

foramina are located in three-fifths of the

humerus and have a downward direction towards

the elbow joint.
10,11

Fractures located in this

segment can damage the nutrient supply and

bring problems for consolidation, especially when

extrinsic factors or morbidities, or intrinsic

factors related to the type of immobilization or

fixation used, coexist, altering the ‘diamond

concept’ of Giannoudis et al.
12
needed for healing.

In this way, the evolution of the fracture can be

towards hypertrophic or atrophic non-union, the

latter is the most frequent. Pseudarthrosis of long

bones remains a major problem worldwide and

that of the humerus is no exception, it is a

condition difficult to treat even in expert hands.

The term nonunion has been defined in several

ways, and there is up to 55% disagreement about

the right time to consider it.
13

The US Food and Drug Administration defines it

as a “fracture that is at least 9 months old and has

not shown any signs of healing for 3 consecutive

months.” Others have recommended that, for long

bones, the entity should be considered within a
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period of six months, during which no signs of

radiological consolidation of the fracture are

evident.
14



Although numerous studies have been published

on the treatment of nonunion when there is no

diaphyseal consolidation of the humerus, where

surgical reduction and osteosynthesis combined

with autologous bone graft is considered the gold

standard, little has been written about the difficult

scenario that represents the management of

recalcitrant nonunion.

The objective of this article is to communicate the

clinical and radiological outcomes obtained in a

consecutive series of patients with recalcitrant

nonunion of the humerus evaluated retros-

pectively, by prospective treatment with stable

internal osteosynthesis associated with biological

reconstruction with non-irradiated frozen

structured allograft using a telescope technique or

a novel ‘Onlay 90°- 90°’ technique of placement,

according to the deficit of bone stock and the type

of nonunion to be rescued.

pectively, analytically and descriptively, between

2012 and 2021, in the Hand and Reconstructive

Upper Limb Surgery Service, operated on by a

level V expert surgeon and a level IV advanced

surgeon, from the same surgical team, according

to the Tang classification.
17

The following inclusion criteria were considered:

1) patients with recalcitrant nonunion of the

humerus, with previous failed conservative

treatment or surgery including those with a

history of infection, 2) patients with definitive

failed treatment by our surgical team and 3)

patients with a postoperative follow-up of at least

one year. The exclusion criteria were: treatment of

nonunion with a different technique from that

proposed.

This reduced the sample to 33 patients. In the first

evaluation, all consulted for pain and functional

impairment.

The series consisted of 20 women and 13 men,

with an average age of 65.4 years (range 27-80).

They were grouped according to the kinematics of

trauma into high-energy (patients <50 years) and

low-energy accidents, such as falls from own

height (patients >50 years). The progression time

of recalcitrant nonunion was 33.3 months (range

3-120). The average number of previous surgeries

was 3.28. Patients treated conservatively (15.15%)

averaged 31.2 months until surgery (range 12-51)

(Tables 1 and 2).

The mean follow-up of all patients was 33.2

months (range 12-75) and the clinical evaluation

included the Constant-Murley score, visual analog

scale (VAS), American Shoulder and Elbow

Surgeons Score (ASES) and elbow functionality

using goniometry. In the treated patient

population, different risk factors for the

development of this condition were identified

(Table 3).

The following studies were requested as routine

and preoperative planning: comparative
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Accordingly, the definition of ‘recalcitrant non

union’ is even more difficult. According to some

authors, it refers to nonunion that does not

respond to conventional treatment in any of its

variants in patients who have had surgery at least

three times over a two-year period.
15

Others

consider them as those that require more than

one intervention to heal.
16
In their study of 125

patients, Wiss and Garlich argue that the main

risk factors for this type of condition are the

number of previous procedures, the history of

infection and the initial treatment of the

fracture.
16
We define recalcitrant nonunion as a

fracture that does not respond to conservative or

surgical treatment with at least one of the

following characteristics:

● For conservative treatment, we take into

account the lack of consolidation over a

period of two years, in patients without major

risk factors, and one year in those with two or

more risk factors (mentioned below);

● for surgical treatment, a minimum of two

previous operations without clinical and

radiological signs of consolidation.

II. MATERIALS AND METHODS

It is a series of 37 patients with recalcitrant

nonunion of the humerus, evaluated retros-

anteroposterior and lateral humerus radiographs,

preferably digital; computed tomography with 3D

reconstruction and ‘skip’ punch biopsy of the

affected segment in cases of doubt or history of

infection. In four patients with several previous



anteroposterior and lateral humerus radiographs,

preferably digital; computed tomography with 3D

reconstruction and ‘skip’ punch biopsy of the

affected segment in cases of doubt or history of

infection. In four patients with several previous

surgeries (more than 4) and more than one

osteosynthesis plate, rapid printing 3D models

were used for preoperative planning in order to

quantify the bone defect zone and correctly

choose the implant and the exact length of the

bone graft or non-irradiated frozen structural

intercalary allograft. In the remainder, the

measurement was performed with the routine

preoperative studies requested. If a larger bone

resection was necessary because of the

infeasibility or doubtful vitality of the ends

observed during surgery, planning was modified

during the surgical procedure. It should be noted

that this in situ modification does not create a

complication, since, in all cases, a homolateral

total humerus allograft is requested.

Radiological evolution was analyzed with digital

anteroposterior, lateral and oblique radiographs

and computed tomography at 6 weeks, 3, 6 and 9

months.

On the other hand, for rescue surgery with the

proposed technique to be successful, we believe

that several fundamental factors must be taken

into account in planning. For this, we developed

the ‘hexagon rule’ which is very useful for

diagnosis and preoperative planning in these

difficult scenarios (Figure 1). This scheme takes

into account the patient’s inherent risk factors,

joint stiffness, disuse bone atrophy, range of

motion and resorption at the level of the

nonunion focus and operculum closure. We

believe that the previous analysis of this hexagon

allows us to evaluate therapeutic possibilities,

choose the best reconstruction technique for each

particular case and assemble an intraoperative

logical sequence during the technique.

We propose a technique based on three essential

principles of fracture treatment:

- Rigid stabilization of fragments

- Stimulation of the osteogenesis process

- Early range of motion exercises

To these principles, we add Giannoudis’ diamond

concept.
18,19

Surgical technique

As already mentioned, this technique was

designed based, firstly, on the classic concepts of

diamond healing described by Giannoudis,
18,19

where the presence of osteogenic cells,

osteoinductive mediators and an osteoconductive

matrix in the focus is necessary; and secondly,

risk factors (summarized with the hexagon rule),

where bone stock, disuse osteoporosis and the

stiffness of neighboring joints (shoulder and

elbow) produce, biomechanically, greater stress at

the level of the focus and are common causes of

failures in traditional methods. Some published

complications due to morbidity of the autologous

bone donor zone, such as pain, functional

impairment and bruising, were also considered,

especially if the bone stock requirements were

large and required hospitalization of certain

patients. Through meticulous preoperative

planning, two modalities of biological recons-

truction can be used as an adjunct to stable

internal osteosynthesis according to bone stock

deficit and bone quality at the time of

intervention. We chose 5 cm of bone defect as a

cutting point because we can shorten the limb to

that extent without compromising neurovascular

structures and obtain a rigid assembly with the

technique used, facilitating soft tissue healing and

patient tolerance, even though we prefer to

maintain anatomical length whenever possible.

Deficit <5 cm in length: biological plate or strut

cortical frozen non-irradiated humerus allograft

placed in an arrangement we call ‘Onlay 90°- 90°’

associated with ground allograft (canopy

technique).

Deficit >5 cm in length: non-irradiated frozen

structured allograft of the humerus, intercalary or

‘telescope’ associated with intramedullary ground

allograft.

A correct preoperative planning can minimize

errors and speed up surgical times (Figure 2).

Key sequence and steps

Recalcitrant Humeral Nonunion: Biological Reconstruction Technique
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● General anesthesia or plexus block assisted by

ultrasound and sedation. Positioning of the



In defects <5 cm in length, structural humerus

allograft (biological plate) struts of equal length to

that of the osteosynthesis plate are used, fixed to

the native bone by 3.5/4.5 mm compression

screws placed anterior to 90° of the plate that is

usually located on the lateral face acquiring a

fixation system of 90°-90° (‘Onlay 90°-90°’). In

this way, a rigid and stable assembly is obtained

that allows early range of motion, favors the

incorporation of the allograft and prevents its

reabsorption (Figure 4). At the native bone-

structural allograft interface, a ground allograft is

placed in the form of a ‘canopy’ (Figure 5) to

generate greater osseointegration and fill the

spaces that may remain at that interface. Figure 6

shows a schematic of the surgical technique when

the defects measure <5 cm.

In defects >5 cm in length, a frozen non-

irradiated humerus allograft is placed in

structural intercalary or ‘telescope’ form to

increase the rigidity of the assembly, associated

with osteosynthesis in lateral compression of the

same characteristics as those used for defects <5

cm and placement of ground allograft in an

intramedullary way (Figure 7).

In both techniques, vancomycin 2 g powder is

always added to the allograft.

If there is joint stiffness due to immobilization or

previous surgeries (shoulder-elbow), an arthrol-

ysis of the glenohumeral or distal joint is

performed at the elbow level, a key step to achieve

a normal distribution of forces and avoid

overloads at the repair site.

Intradermal skin closure is performed, without

drainage and usually without static immo-

bilization. Postoperative antibiotic prophylaxis is

not administered.

III. REHABILITATION PROTOCOL

After one week, the protocol of assisted passive

range of motion of the shoulder and elbow joint,

and treatment of surgical scarring are initiated.

From the third week onwards, active range of

motion and increased muscle toning exercises are

indicated, the exercises should have a progressive

controlled load until corroborating the

osseointegration by CT scan with metal

suppression.

IV. RESULTS

At the last evaluation, 32 of the 33 patients (97%)

treated with this technique had complete

consolidation; six (18.18%) had been treated with

intercalary graft in the ‘telescope’ form and 27

(81.81%), by allograft strut; in one case, partial

consolidation was achieved that did not require a

new procedure, because the patient had no

symptoms (Table 2).
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patient in the dorsal position at 45° (beach

chair position), with the exception of the distal

third performed in the ventral or lateral

position with a support at elbow level.

● Expanded or posterior deltopectoral approach

when nonunion is near the supracondylar

region with electroscalpel (Covidien®) to

reduce bleeding and pain, and improve skin

aesthetics.

● Frozen or punch biopsy when there is doubt or

history of infection (in cases with >5

polymorphonuclear leukocytes per field a

cement spacer is made with antibiotic -

Masquelet technique).

● Antibiotic prophylaxis 30 min before surgery

with 2g IV cefazolin, followed by a booster

dose within 2 hours of starting the procedure.

● Resection of keloid scars, if any.

● Neurolysis and repair of the radial or ulnar

nerve under microsurgical magnification. This

step can be time consuming especially if the

patient has had several previous surgeries or

radial nerve neuropraxia.

● Treatment of the nonunion focus:

decortication, saucerization of the site without

consolidation, resection of bone tissue with

macroscopic aspect of necrosis, regularization

of ends, alignment (Figure 3).

● Osteosynthesis: with 3.5/4.5 LC-DCP plate

with at least four bicortical screws at each end;

Phylos® type plates or anatomical plates for

the lower end of the humerus according to the

topography of the recalcitrant nonunion to be

treated (Figure 4).

The period of consolidation observed on CT scan

for the presence of bridges of bone trabeculae



Shoulder arthrolysis was performed in seven cases

(6 in the proximal humerus and the remaining in

the diaphyseal location) and elbow arthrolysis was

performed in four cases (distal humerus), no

post-surgical infections or radial nerve palsy were

recorded. Three patients had suffered a previous

infectious condition treated with surgical

debridement and intravenous antibiotics. In no

case was resection of more than 1 cm of nonunion

focus necessary. One patient required a second

intervention for material breakage (“Onlay

90°-90°” technique) after a fall from his own

height, two months after surgery. The material

was removed and a new osteosynthesis was

performed with the same reconstruction

technique and the final consolidation occurred

after nine months. There were no major

complications, such as deep or superficial

infection, loosening of osteosynthesis material or

nerve lesions (radial paralysis), reabsorption or

allograft fracture, with any of the aforementioned

techniques. As negative outcomes, we must

mention the aesthetic defect in some patients,

which is directly proportional to the number of

previous surgeries but has no impact on

interpersonal life; the transient postoperative pain

referred to the volume of the implant, which

disappears after the ninth month of

rehabilitation; and the postoperative hematoma,

which may appear with the consequent increased

risk of infection if a thorough hemostasis is not

performed.

Visual analog scale (VAS), ASES score,

Constant-Murley scale and elbow arcs of motion

were considered for the functional assessment

(Table 4).

According to the VAS, the average preoperative

score was 8.7 (range 7-10). One month after the

operation, it was 5.2 (range 3-8); at six months,

2.2 (range 1-5); and at 12 months, 0.9 (range 1-3).

Regarding the ASES score, only the

patient-reported section was used. The average

score was 12.3 (range 7-15) before surgery; 17.1

(range 11-19) after the first month; 22.5 (range

20-25) at 6 months; and 27.1 (range 24-30) after a

year.

The postoperative evaluation of shoulder function

according to the Constant-Murley scale was

performed after one year and yielded the

following results: excellent (14 patients; 42.4%),

good (13 cases; 39.3%) and fair (6 cases; 18.1%)

(Figure 9).

Regarding elbow function, the range of motion

was also evaluated at one year, and the results

were: 10-130° (22 patients; 66.6%), 15-130° (5

cases; 15.1%), 20-115° (3 cases; 9%), 30-115° (2

cases; 6%) and 40-105° (1 case; 3%).

The poorer outcomes were obtained in those

patients whose focus of nonunion was closer to

the joint (shoulder/elbow), and when the

evolution time was >4 years, with extensive soft

tissue compromise or previous infectious process.

V. DISCUSSION
Even among experienced surgeons, the treatment

of recalcitrant pseudarthrosis of the humerus

remains an obstacle and an unsolved challenge.

The personal history, the time of disease

evolution, and the condition of the soft tissue and

Recalcitrant Humeral Nonunion: Biological Reconstruction Technique
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across the focus of nonunion was 4.6 months

(range 4-9). The time required for complete

allograft osseointegration is even longer and is

around 8.1 months on average (range 7-11)

(Figure 8). The average follow-up was 33.2

months (minimum 12, maximum 75).

In two cases, platelet-rich plasma was used as an

adjuvant. One was intercalary and the other

‘Onlay 90°-90°’. This method was chosen due to

the poor bone quality of the region of the humerus

near the focus of consolidation and the number of

previous surgeries (more than 7). There was no

difference from treatment without platelet-rich

plasma in terms of consolidation times, although

we believe it is an additional biological

contribution.

Patients with more rapid consolidation had fewer

previous surgeries (<2), no history of infections

and fewer or no comorbidities (<3 risk factors

[Table 1]).

bone quality as a result of previous surgeries or

disuse make preoperative planning and surgical

technique difficult, and the results unpredictable,



Garbayo Marturet et al. presented five patients

>65 years with diaphyseal nonunion of the

humerus of more than 18 months of evolution,

treated with LCP locking plates, decortication,

and ground allograft or autograft, with a 100%

consolidation rate. They define recalcitrant

nonunion as a major bone defect caused by

implant mobilization, a biological factor

significantly altered by the loss of vascular supply

as a result of multiple interventions, and a

functional loss characterized by joint stiffness and

muscle and tendon alterations, similar to the

Giannoudis diamond concept, regardless of the

time since nonunion or the number of previous

operations.
22
Campochiaro et al. added the use of

platelet-rich plasma to the treatment of nonunion

using LCP locking plates and structural allograft,

treating nine patients and achieving complete

consolidation in an average of seven months.
23

Gogus et al. use structural bone allograft for

complex primary fractures of the humerus and

femur in patients with osteopenia (mostly elderly)

and describe it as a novel idea.
24
Unlike in this

study, stabilization is performed in parallel. We

believe that the “Onlay 90°-90°” arrangement

gives more rigidity and better mounting for fixing.

Van Houwelingen et al. treated six patients with a

technique similar to one of our suggestions

(structural allograft plus rigid osteosynthesis),

with the exception that the graft was fixed with

plate screws as a 180° ‘sandwich’ (lateral plate

plus medial structural allograft) with 100%

consolidation in an average of three months.
9
The

difficulty of this technique lies in the placement of

the allograft at the level of the medial face of the

humerus, since the humeral artery and vein, and

the median and ulnar nerves run through this

zone. Also, as already mentioned, the parallel

placement and not at 90° could be less rigid in

certain circumstances.

In a series of 10 patients with humeral diaphyseal

nonunion treated similarly to Van Houwelingen,

Hornicek et al. obtained a 100% consolidation

rate at three months, except for one case at six

months, and established that cortical allograft

struts provided the structural support and

osteoinduction to improve healing of fracture

nonunion.
25

Marinelli et al. treated 57 patients with diaphyseal

nonunion of the humerus using locking plates

associated with structural allograft with 93%

consolidation. The comparison of the success

rates of the various bone fixation techniques is

limited by the fact that, in the relatively few

published studies, the series are small and

heterogeneous; in addition, the highly variable

clinical and radiographic presentation of

nonunion (mobile-rigid, atrophic-hypertrophic),

surgical difficulties (osteoporosis, maintenance of

bone stock, presence of fixation devices, shortage

of soft tissue and previous scarring) and

comorbidities (smoking, alcoholism and obesity)

prevent comparison of the different series.
26

The association between the use of a special

osteosynthesis material for the humerus (Phylos®

type plate for the proximal extremity, LC-DCP for

the diaphysis and anatomical for the lower end of

the humerus), added to the structured bone

Recalcitrant Humeral Nonunion: Biological Reconstruction Technique

L
on

d
on

 J
ou

rn
al

 o
f 

M
ed

ic
al

 &
 H

ea
lt

h
 R

es
ea

rc
h

©2024 Great Britain Journals PressVolume 24 | Issue 4 | Compilation 1.020

resulting in a not insignificant rate of

complications.

Stable internal fixation and autologous bone

grafting remains, for many, the gold standard

procedure for the management of humeral

nonunion with satisfactory outcomes in terms of

consolidation. Its use is not without complications

or morbidity, especially from the donor area when

grafting is performed in large numbers; in ad-

dition, some of these patients require

hospitalization to control pain.

At the same time, the allograft has been shown to

be useful as a structural and biological

contribution, especially advantageous if there are

large bone defects, avoiding the morbidity of the

donor zone,
20,21

but with possible risks of infection

or reabsorption.

Several authors have described the use of

autologous and heterologous grafting in the

treatment of humerus nonunion with very good

outcomes.

allograft, either in the form of a bone strut or

intercalary telescope, fixed with screws,



Although levels of consolidation are high with the

technique used, functional outcomes vary

depending on the location of nonunion, they are

poorer the closer it is to the joint, especially the

glenohumeral. Despite this, patients have marked

symptom relief, the VAS score drops significantly

and they resume independence for daily living

tasks.

Recalcitrant nonunion of the humerus usually

occurs at the diaphyseal level.
8,16,19,22

There are

several risk factors that predispose patients to this

type of condition, some of them more

preponderant than others. In most cases, it is due

to incorrect management of conservative

treatment or defects in the surgical technique

used in the management of the initial fracture

added to the type of patient to be treated. It is

critical to consider the ‘hexagon rule,’ which is

extremely useful for preoperative planning since it

allows for the consideration of aspects that could

lead surgical rescues to fail in the approach of this

entity.

We present a new surgical technique of biological

reconstruction with frozen non-irradiated

allograft that has achieved encouraging outcomes,

which could address the adverse scenario

represented by recalcitrant humeral nonunion.

Like other authors,
21
we observed that younger

patients have a lower consolidation time rate than

older patients. Another advantage of allograft use

is the possibility of doing it on an outpatient basis.

87.8% of our cases were done under this modality,

with immediate monitoring the next day of the

procedure. This could be considered an advantage

of the method as it reduces hospitalization time

and costs, and the possibility of resolution in

times such as the recent SARS-CoV-2 pandemic.

The use of locking plates in the treatment of this

condition is of vital importance, because many

cases of nonunion present with poor bone quality,

as well as the use of structural allograft that

provides additional rigid support.

As strengths of the study, we believe that our

sample size is considerable in relation to the

prevalence of the disease treated. The results in

terms of consolidation and postoperative function

are encouraging. The technique proposed in its

two modalities is reproducible and offers certain

advantages, such as avoiding the morbidity of the

patient’s own grafting and, in this way, being able

to carry out the procedure on an outpatient basis

and thus have the possibility of reducing

hospitalization costs. In addition, the rigidity of

the assembly obtained in the nonunion focus

allows to quickly recover the mobility of the limb

and thus improve the quality of life of patients,

especially those who have been immobilized for

more than a year.

On the other hand, it is important to mention that

the study has certain weaknesses, such as its

retrospective nature, without a control group of

patients treated as standard and with a

heterogeneous sample, although we think that,

due to its frequency, it is difficult to find

published comparative studies.’
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considerably increases the mechanical stability,

this allows an early range of motion, and acts as

an osteoinductive and osteoconductive scaffold,

helping to reconstruct bone defects and eliminate

the increases in tension in the osteosynthesis

material that could lead to a failure in the case of a

native bone of poor bone quality, and thus has a

more even distribution of loads.

The stable internal fixation and lack of irradiation

of the bank allograft used in the processing not

only prevent reabsorption, but also favor the

integration usually observed in our casuistry eight

months after the operation. We have not observed

infections or rejections in treated patients, but

reports of a low rate of disease transmission have

been published, and would therefore be one of the

weaknesses of using this type of biological input,

although we think that this variable has a direct

relationship with the quality of processing of the

tissue bank. We think that the addition of

vancomycin as perioperative prophylaxis along

with allograft placement could explain this result

in addition to what has already been mentioned.

VI. CONCLUSIONS

We present a new technique to treat the difficult

and unusual recalcitrant nonunion of the

humerus using a non- irradiated frozen structured
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allograft of the homolateral humerus, by means of

two forms of assembly, according to the defect to

be treated, associated with a rigid and stable

internal osteosynthesis.

In our experience, the addition of ground allograft

when using a ‘strut’ (‘canopy technique’) in the

‘Onlay 90°- 90°’ configuration or in the ‘telescope’

form has allowed us to obtain a high rate of

osseointegration and, therefore, consolidation,

with a rate of excellent and good outcomes in

81.7% of patients. When the location was close to

either the glenohumeral or elbow joint, the

outcomes were poorer.

The ‘hexagon rule’ provides relevant information

that assists the surgeon in preoperative planning,

and that could explain the rate of good outcomes

achieved combined with a refined surgical

technique.


