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» The man who moves a mountain begins by
carrying away small stones.”

Confucius
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1. LIST OF ABBREVIATIONS

AC acromioclavicular

ACJ acromioclavicular joint

AP antero-posterior

ASES American shoulder and elbow surgeons
CcC coracoclavicular

chr chronic

CT computer tomography

DASH disabilities of the arm, shoulder, and hand
diff. difference

E value Elasticity, Young’s modulus value (GPa)
FE Finite Element

FEA Finite element analysis

K-wire Kirschner wire

LD Linear dichroism

MA meta-analysis

MCID minimal clinically important difference
ML medio-lateral

NA not available

NRS numerical Rating Scale

ORTSD  open reduction and suspensory device fixation

0SS Oxford shoulder score
postop postoperative
preop preoperative

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PROCESS Preferred Reporting of Case Series in Surgery)

QCT Quantitative Computed Tomography
spf. superficial

SR systematic review

SST simple shoulder test

UCLA University of California-Los Angeles shoulder score

us Ultrasound/ultrasonic
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2. STUDENT PROFILE

2.1. Vision and mission statement, specific
goals
Everyone has the right to live a pain-free life and have
the freedom of movement without limitations due to
any condition. My vision is to provide state-of-the-art
orthopaedic care to patients with musculoskeletal

conditions and enhance orthopedic care through

standardized, data-driven approaches that improve
implant design and surgical treatment outcomes.

To achieve this, my mission is to integrate biomechanical precision with clinical
effectiveness for more reliable, personalized musculoskeletal interventions. We
investigate key factors influencing bone elasticity and evaluate surgical techniques like
the Lockdown procedure through systematic research and clinical studies.

My specific goal is to create a comprehensive reference for Young’s modulus variations
and validate the Lockdown technique as a safe, effective option for AC joint
reconstruction. These insights will inform surgical decisions, improve finite element

modeling, and guide evidence-based orthopedic practice.

2.2. Scientometrics

Number of all publications: 6

Cumulative IF: 12.597

Av IF/publication: 2.0995

Ranking (SCImago): DI:1; Q1: 2;
Q2:1;Q3:1; Q4: 1

Number of publications related to the subject of the thesis: 2

Cumulative IF: 6.3

Av IF/publication: 3.15

Ranking (SCImago): Ql:2

Number of citations on Google Scholar: 17

Number of citations on MTMT: 12

H-index: 2

The detailed bibliography of the student can be found on pages 60-61.
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2.3. Future plans
My plan is to deepen my knowledge and experience in prosthetic implantations, and
continue my research related to this topic in order to provide high-quality care for patients,

while, in parallel, being updated on the recent field developments.
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3. SUMMARY OF THE PH.D.

In musculoskeletal surgeries, preoperative planning and implant behaviors are
crucial. Acromioclavicular (AC) joint dislocations are common injuries of the shoulder
girdle, which occur in 3,5-12%.(1, 2) Over 150 operative techniques exist, yet consensus
on optimal management remains limited.(3-5) This research comprised two studies: (I)
mapping bone elasticity to support finite element (FE) modeling, and (IT) evaluating the
efficacy of the Lockdown implant in AC joint injuries. Given the rarity of cases, we
conducted a systematic review supplemented with data from a Hungarian multicenter
prospective cohort study (three centers). A second systematic review and meta-analysis

were conducted on bone elastic modulus.

Study I identified significant heterogeneity in measurement methods,
predominantly compressional, nanoindentation, and tensile testing, mostly on cortical,
wet specimens. Frequently assessed bones were the femur, tibia, and fibula. Subgroup
and random forest analyses revealed that cancellous femoral epiphysis values were higher
than those of the metaphysis (p=0.010). Compression-based values showed epiphysis
stiftness approximately twice that of metaphysis (p<0.001). Tibial epiphysis was stiffer
than femoral epiphysis (p=0.026). Factors most influencing bone modulus were
macrostructure, measurement method, and anatomical site.

Study II analyzed outcomes of the Lockdown technique. Mean age at surgery was
38.9+12.7 years in our cohort and 39.2+3.0 in the literature. Follow-up averaged
24.5+10.1 months versus 32.5+19.8 months. Improvement in Oxford Shoulder Score
(OSS) was significantly greater in acute than chronic cases (p=0.0017). Complications
occurred in 30.8% of our patients, mainly minor infections, with 5.1% requiring revision
for implant failure. The systematic review reported similar overall complication rates
(34.6%), including 5.4% implant-related issues. Meta-analysis was not feasible due to
heterogeneity.

Based on our results, more standardized measurement parameters would be
advised, depending on the parameters, and current FE models should consider these
findings with bone anisotropy and the region of bone. Our conclusion regarding Study II.
is that the Lockdown technique is effective for primary and acute AC joint injuries. The
three most common score systems are recommended for further clinical studies, due to

the heterogeneity of shoulder score results in the literature.
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GRAPHICAL ABSTRACT (including all studies)

Aspects of Orthopaedic Biomechanics

Anisotropy, anatomical region, and additional variables influence Young’s modulus of

bone: A systematic review and meta-analysis

Kovacs et al., JBMR Plus. 2023.

Young’s
modulus

Systematic review and
values -

statistical analysis
(48 article)

Influencing factors:

Age

-Sex

-Specimen condition
-Specimen size
-Testing methods

Conclusion: We determined the impact weight of the
influencing variables on Young’s modulus of bone. Significant
differences were found in macrostructure, anisotro;

the femoral epi- and metaphysis and in the epiphysis of distal
femur and proximal tibia.

Acromioclavicular Reconstruction Using the Lockdown Technique:
A Case Series and Systematic Review

Kovacs et al., Jowrnal of Clinical Medicine. 2025.
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Conclusion: Despite the moderate complication rate, our study suggests that
the Lockdown technique is effective for primary and acute AC joint injuries as
significant improvements were observedin the functional outcomes. Due to the

lacking data the meta-analysis was not feasible.
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5. INTRODUCTION
5.1. Overview of the topic
5.1.1. What is the topic?

My research focuses on gaining a deeper understanding of implant behavior concerning

musculoskeletal surgeries.

5.1.2. What is the problem to solve?
Following the Lockdown surgery, we noticed an unusual complication. Rarely, the
coracoid process may break off. Our initial idea was to try to build a finite element model
to assess the stress and strain aspects of the coracoid, but we bumped into the problem of
the large scatter of Young modulus values of bone in the literature. Therefore, we decided
to take a systematic approach to clarify how much exactly the elastic modulus of the bone
tissue is. The topic is approached from two aspects. Study I. aims to improve finite
element analysis by highlighting the issue of validating bone’s elasticity values. Finite
element analysis is a numerical stress analysis technique that estimates the bone’s
Young’s Modulus values (£ values) from Computer Tomography (CT) data, which
ignores the anisotropic feature of bone. Nevertheless, there is no standardized
measurement method for ex vivo £ value measurement, compromising the possibility of
proper validation. The different £ value measuring techniques can lead to two-fold
magnitude differences in E values. With the appropriate calculations, better implant
designs could be created and planned before operation, which could help create a gold
standard method for the surgical reconstructions in AC joint luxations, which is the focus
of Study II. In that Study, we wanted to clarify the true incidence of coracoid fracture
following this procedure, so we decided to build a study to assess the whole surgical
procedure. During the assessment, the issues were the rate of complications and the
heterogeneity of the shoulder score used for the efficacy of the Lockdown implant. Also,

this heterogeneity and the low number of patients lead to fewer cases for comparison.

5.1.3. What is the importance of the topic?
The use of implants during musculoskeletal surgeries is increasing due to the existing rate
of sports injuries and also to the increasing number of the elderly population. The rate of

orthopedic prosthetic implantations is rising alongside the growing prevalence of arthritic
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joints in older people. By 2030, the number of hip and knee arthroplasties is expected to
increase by more than 670% and 170%, respectively. As a result, the growing demand for
implantations and advancing technology presents new opportunities for custom-made

implants and further research in implant development.(6)

As for sports injuries, more than 150 surgical techniques exist for severe AC joint injuries
without gold-standard surgical therapy.(3-5) Without proper management, the pain and

the restriction of upper limb movement can cause a poor quality of life.

5.14. What would be the impact of our research results?
The outcomes of our research have the potential to enhance the process of finite element
analysis, and can be applied to new implants or preoperative planning, and improve the
treatment with Lockdown implant in case of AC joint luxation. By using our proposed
shoulder scores, the variability in the literature would be reduced, making it more suitable

for future comparisons and systematic reviews.

5.2. Further introductory chapters, if necessary

5.2.1. Finite element analysis and Young’s Modulus

Advancements in technology and the increasing number of implantations are creating
new opportunities for custom-designed implants and innovative implant research. Finite
element analysis (FEA) is a valuable method for researching new implant designs. This
numerical stress analysis technique enables the evaluation of injuries and pre-surgery
simulations, helping to model how implants interact with bone.(7-9) In FEA, the analyzed
region is divided into smaller elements, each assigned appropriate material properties.(10)
To accurately recreate the virtual model, assigning precise material properties to each
element is essential. However, bone is an anisotropic material, which means the elasticity
(characterized by Young’s modulus, or E value, which measures a material's tensile or
compressive stiffness when a force is applied along its length) varies depending on the
measurement orientation. (11, 12) Disregarding anisotropy can result in a relative error
of up to 50% in FEA.(9) The elasticity of bone can be assessed using various in vitro or
in vivo methods. However, estimating Young’s modulus based on computed tomography

(CT) has limitations, as it cannot accurately capture the non-homogeneous

10
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microstructures of bone, given its anisotropic nature. Besides, bone tends to behave more
like a composite material, and CT scans may fail to capture the biomechanical differences
caused by collagen structure. On the other hand, the most common in vitro bone specimen
measurements are micro-macro mechanical, ultrasonic (US), and nanoindentation

tests.(13, 14)

Young’s modulus, or modulus of elasticity, is a mechanical property that measures the
stiffness of a solid material under tensile or compressive force applied along its length. It
quantifies the relationship between tensile or compressive stress (force per unit area) and
axial strain (the resulting proportional deformation).(15) The accuracy of the input
parameters is one of the key factors influencing the reliability of these models. However,
E values reported in the literature vary widely. For example, a study by Wu et al. found
that E values for trabecular bone in the same anatomical region ranged from 1.28 to 30.6
GPa.(14) Similarly, a review by Nobakhti et al. reported E values between 0.61 and 25
GPa for bulk-scale specimens, while some studies have even reported values as high as

60 GPa.(16-18)

Given these conflicting results, we aimed to explore the factors influencing E values in
human bones. We hypothesized that a bone's E value is correlated with demographic data,

specimen characteristics, and measurement parameters.

5.2.2. Acromioclavicular joint luxation, classification, and surgical
management

Acromioclavicular (AC) joint dislocations are common injuries, accounting for 3.5% to
12% of all shoulder girdle injuries. They most frequently occur in males and young
athletes, particularly in contact sports like rugby, wrestling, or hockey, due to direct
impacts to the shoulder. The injury was first classified by Tossy and Allmann, later
modified by Green and Rockwood, resulting in six distinct types of AC joint injuries.(1,

2)

There is no consensus among surgeons regarding the treatment of AC joint injuries.
However, low-energy injuries (Rockwood type I and II) are typically managed
conservatively using a harness or sling.(3) For more severe injuries, classified as
Rockwood type III and above, surgery is necessary. Over 150 surgical techniques are

available for managing these injuries, which can be grouped into six main categories: AC

11
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fixation (e.g., hook plates, Kirschner wire), coracoclavicular (CC) fixation (e.g.,
Bosworth screw, cerclage), distal clavicle resection with coracoacromial ligament transfer
(Weaver-Dunn procedure), CC ligament reconstruction using soft tissue (e.g., free tendon
grafts, dynamic muscle transfer), and CC ligament reconstruction with synthetic grafts
(e.g., Lockdown, Tightrope).(4, 5) While high-energy injuries (Rockwood type IV and
above) are generally treated surgically, the management of type III injuries remains a

topic of debate in the literature.(3)

One of the earliest techniques for acromioclavicular (AC) joint reconstruction involved
the use of Kirschner wires (K-wires), but this method has been associated with significant
complications, including wire migration leading to nerve and vascular injuries.(19)
Alternative approaches, such as the Bosworth screw—with or without K-wire
reinforcement—also present issues due to the rigid nature of these repairs, which do not
accommodate the joint's inherent dynamic movement.(20) Variants of hook plate fixation
offer direct AC joint stabilization but necessitate a second surgery for implant removal.
This technique is also linked to complications involving the hardware, as well as
conditions such as AC joint arthritis, subacromial impingement, and acromial erosion.(21,
22) Reported complication rates for hook plate fixation are as high as 26.3%, with

shoulder stiffness and pain during elevation being the most common complaints.(20, 23)

The Weaver—Dunn procedure (1972) is a non-anatomical repair and is known for its low
repair stability. The repair 1s 70% weaker than native ligaments, resulting in a high rate

of recurrent deformity and a high reoperation rate.(24-26)

As for the synthetic grafts, the Lockdown implant originated in Nottingham and has been
used since 2001. Previously known as the Surgilig procedure, it involves the use of a
double-braided polyester ligament. The distal end of the synthetic ligament loops around
the coracoid process, while the proximal end is fixed to the lateral end of the clavicle.
This graft replaces the coracoclavicular (CC) ligaments and helps to stabilize the clavicle

by pulling it down toward the coracoid process.(27) Figure 1.

12
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Figure 1. Lockdown technique (A) acromioclavicular joint (ACJ) dislocation and
coracoclavicular (CC) ligament rupture. (B) Lockdown synthetic graft looped around the

coracoid process: ACJ stabilization.

Various comparisons have been made regarding the surgical management of AC
dislocations. The Surgilig technique has a low failure rate and yields high functional
outcomes postoperatively; however, the quality of most studies on this technique is

considered to be low.(28)

13
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6. OBJECTIVES

6.1. Study IL. - Anisotropy, anatomical region, and additional variables
influence Young’s modulus of bone: A systematic review and meta-
analysis

Our goal was to examine the factors that influence E values in human bones. We
hypothesized that a bone's Young’s Modulus value is correlated with demographic
information, specimen characteristics, and measurement details.
6.2. Study II. - Acromioclavicular reconstruction using the Lockdown
technique: a case series and systematic review

Our study aimed to assess the efficacy, safety, and patient satisfaction of the Lockdown
technique in treating Rockwood type Il and above AC injuries at three Hungarian centers
while comparing our findings with existing literature. We hypothesized that the
Lockdown technique would be more effective in acute and non-revisional AC injuries

than in chronic or revisional cases.

14
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7. METHODS

We performed our systematic review and meta-analysis based on the recommendation of
the PRISMA 2020 guideline (Preferred Reporting Items for Systematic reviews and
Meta-Analyses). (Table S1),(29) while we followed the Cochrane Handbook.(30)
Furthermore, we registered the study protocol on PROSPERO (registration number:

CRD42021286292 — Study 1.; CRD42024578461 — Study IL.).

In Study 1., we included only case series and case reports in our analysis reporting on
individual measurements. The first part of Study II. is a multicentric retrospective data
collection with prospective follow-up of patients treated in three Hungarian hospitals (two
traumatology centers and one university orthopedic department). The study received
ethical approval from the Semmelweis University Regional and Institutional Committee
of Science and Research Ethics (approval ID: BMEU/2832-3/2022/EKU). All procedures
followed the PROCESS 2020 (Preferred Reporting of Case Series in Surgery) guidelines
(Table S2). (31) All procedures were performed by three senior surgeons across the

centers who followed the same surgical technique.

7.1. Study I.

7.1.1. Information sources and search strategy

We conducted our systematic search on November 21, 2021. The used databases were
PubMed, the Central Library (Cochrane), and Embase. During the systematic search, we
used the following search key: "bone AND (trabecula* OR cortical OR trabeculaec OR
cancellous) AND (elastic* OR young OR modulus OR "mechanical properties"). No

publication date, language, or any other filters were applied during the search.

7.1.2. Selection process
We used Endnote v21.0 (Clarivate Analytics, Philadelphia, PA, USA) reference manager

software for the selection. After the removal of duplicate references (manual and
automatic), the selection was performed by two independent review authors (KK and
VW) by reference title and abstract. At this point, Cohen's kappa coefficient for the
selection was 0.99. Next, the same authors made the full-text selection with a 0.84

Cohen’s kappa coefficient value. A third review author resolved disagreements.

15
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7.1.3. Data collection process and data items
From the eligible articles, data were collected by four authors (KK, KB, BK, GS) in pairs.

Each entry was extracted by one review author and verified by another. Ambiguous data

were reviewed by all authors to minimize the risk of extraction error.

We extracted the following data: first author, country, the year of publication, repetition
count in case of repeated measurements, specimen size (each dimension), exact
anatomical location, sex, age, measuring method and equipment type, the condition of the
specimen, the direction of loading (with respect to the in situ anatomical orientation:
anteroposterior (AP), axial, mediolateral (ML)) and, finally, the £ values recorded in GPa.
Each extracted entry corresponds either to a single measurement or to the mean of a series
of repeated measurements carried out on a specimen. A specimen is a portion of a bone

cut and prepared for measurement.

7.1.4. Eligibility criteria
Eligible articles included healthy human bones reporting £ values based on different
variables. In order to reach our goal, we included articles that contained human bone
elastic modulus results from non-imaging techniques, such as in vitro testing machines.
Articles with animal specimens, imaging-based measurement techniques, and patients
who had any kind of hormonal, corticosteroid, or other bone-affecting therapy were
excluded. Patients with bone tumors or any bone disease were also excluded, together
with pediatric patients (i.e., males below 16 and females below 14).(32) We included case
reports, case series, and cohort analyses with individual patient data, regarding
demographic data, bone type, specimen size and condition, measuring method, and
loading orientation. Conference abstracts or studies with unavailable full text were

excluded.

7.1.5. Study risk of bias assessment

Four authors (KK, KB, BK, GS) independently performed the risk of bias assessment.
Each article was assessed in duplicate using the CARE tool.(33) Domain number 7 and
10 were omitted (details in supplementary material). Disagreements were resolved by

consensus discussion with a third experienced reviewer.

16



DOI:10.14753/SE.2025.3311

7.1.6. Synthesis methods

For primary data extraction and organization Microsoft Office Excel (Microsoft Office
Professional Plus 2013) was used. Statistical analysis was carried out in Excel and R (R
Core Team 2022, v4.1.3). The functions of the “party” package (version 1.3-10) were
used to fit a random forest and calculate variable importance.(34-36) There was an
attempt to build a statistical model describing the dependence of the magnitude of £ value
on different explanatory variables; however, the structure of the extracted data did not
enable this (Table S3). Instead, we carried out a series of systematic pairwise comparisons
with various subgroups of the explanatory variable values, we reported mean+standard
deviation, and the significance of the difference between the means of the subgroups was
tested by Welch’s #-test with a level of significance of 0.05. During the analysis, a 10%
difference was considered as clinically relevant in £ values between the analyzed groups.
Additionally, anisotropy was investigated by the Bland-Altman method where data
differing only in loading orientation were available for the same specimen.(37) Finally,

the variable importance measure was calculated for the explanatory variables.(35, 36, 38)

7.2. Study II.

7.2.1. Case-series study

7.2.1.1. Patient selection

This multicentric prospective cohort study enrolled 39 patients who underwent Lockdown
synthetic ligament surgery between January 2018 and January 2023. Eligible patients
were over 16 years of age, with isolated injury of the AC joint, and free from mental
illness affecting postoperative rehabilitation. Patients with no data or who were unable to
give consent were excluded. Enrollment occurred in three centers (at the Department of
Orthopaedics, Semmelweis University, Dr. Manninger Jené Traumatology Center, and

the Department of Traumatology, Hungarian Defence Forces Medical Centre).

7.2.1.2  Data extraction, data types, and measures

Trained physicians, who did not participate in the operations at any center, extracted data
from hospital electronic records to ensure accuracy. Follow-up data were collected
through medical records, outpatient visits, and telephone interviews. The sample size was

determined by recording the number of patients. Data included sex (male or female), age

17
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at surgery, shoulder function scores, classification of surgeries as primary or revision, and
injury severity according to the Rockwood classification (types III, IV, V). Information
documented also included surgical complications, discharge (fluid released from the
wound) status, trauma details, and any reoperations. Patients were categorized as acute
(trauma within three weeks) or chronic (trauma more than three weeks prior). Our
nonsignificant findings were evaluated in the context of minimal clinically important

difference (MCID) values reported in the literature.(39)

7.2.1.3. Surgical technique

Patients were positioned in a beach chair position, and a vertical incision was made over
the clavicle. A lasso was formed around the coracoid process to reposition the clavicle to
measure the implant. The selected implant was inserted using the lasso and length gauge
loop. After fixation of the lasso, the clavicle was stabilized with a 3.5-mm cortical screw
placed through a pre-drilled hole in the clavicle itself. The wound was closed in layers. A

detailed description is provided in the article by Jeon et al.(40)

7.2.1.4. Outcomes

The study measured several outcomes both preoperatively and postoperatively. These
included the Oxford Shoulder Score, the IMITANI Score, the CONSTANT Score, and the
UCLA (University of California-Los Angeles) Shoulder Score. Additionally, the DASH
Score (Disabilities of the Arm, Shoulder, and Hand), the SST Percentage (Simple
Shoulder Test), the ASES Score (American Shoulder and Elbow Surgeons), and the

Numerical Rating Scale (NRS, on a scale between 0 and 10) were evaluated.

7.2.1.5. Statistical Methods
Statistical analysis was carried out in “R” (R Core Team 2022, v4.3.1) and MESS 1.3.1.

using data structured in Excel. Two-sample t-tests were used for subgroup comparisons.
Boxplots were utilized to represent each outcome based on baseline characteristics. All

p-values were two-sided, and the significance level was 5%.

7.2.2. Systematic Review

7.2.2.1 Methods of the Systematic Review:

We conducted our systematic review and meta-analysis according to PRISMA 2020

guidelines (Table S4) and the Cochrane Handbook.(29, 41) Only case series and case

18
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reports with individual measurements were included. The study protocol was registered

on PROSPERO (CRD42024578461).

7.2.2.2. Information sources and search strategy

On August 10, 2024, we conducted a systematic search using PubMed (Medline),
Cochrane Central Library, Embase, Scopus, and Web of Science. We also included an
additional report from other reviews. The search terms used were "acromioclavicular

AND (lockdown OR surgilig OR synthetic)," with no filters applied.

7.2.2.3. Selection process

We used Endnote v21.0 (Clarivate Analytics) for reference management. After removing
duplicates, two independent reviewers (KK and GS) selected studies based on titles and
abstracts, achieving a Cohen's kappa of 0.99. Full-text selection was performed by the
same reviewers with a Cohen’s kappa of 0.91. A third reviewer resolved any

disagreements.

7.2.2.4. Eligibility criteria

Eligible studies reported outcomes of the Lockdown (or Surgilig) technique for acute or
chronic acromioclavicular injuries. Exclusion criteria included studies involving cadavers
or nonhuman specimens, multiple injuries, conference abstracts, editorials,
biomechanical studies, descriptions of techniques, non-Lockdown procedures, systematic
reviews, or meta-analyses. We included case series and clinical trials on Rockwood III or

higher injuries assessed by shoulder scores.

7.2.2.5. Data collection process and data items

Two authors (KK, GS) collected data from eligible articles, with a third author reviewing
them to minimize extraction errors. Data extracted included the first author, DOI, country,
publication year, number of cases, gender ratio, mean age at surgery, duration of follow-
up, injury classification, time to surgery, pre- and postoperative shoulder scores, pain,
deformity, duration of physiotherapy, and postoperative complications. Implant-related

complications were identified when reoperation led to implant removal.
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7.2.2.6. Evaluation of the studies and study risk of bias assessment

Due to the low number of studies, heterogeneous data, and incomplete outcome reporting,
we decided not to perform a meta-analysis of the extracted data. We summarized the
results of the systematic review in a narrative form and presented data in summary tables.
The risk of bias assessment was performed by two authors (KK, GS). Each article was
assessed using the JBI critical appraisal tool for case series and the ROBINS-I tool.(42,
43)
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8. RESULTS
8.1. Study I

8.1.1. Search and selection

Altogether 22114 records were identified using our search key, and finally, 48 articles
contained individual results of E values (Figure 2).(12, 44-91)

8.1.2. Characteristics of the included studies

The main characteristics of these articles are summarized in Table 1. The years of
publications ranged from 1966 to 2020. The articles were published in 13 countries, the
USA (n=20), France (n=7), and Belgium (n=3) being the most frequent ones.

8.1.3. Characteristics of the Cohort

Detailed article characteristics are shown in Table 2. We had bone measurements in a
total of 756 entries from 397 specimens. The most frequent measurement techniques were
compressional, nanoindentation, and tensional tests. The majority of specimens were
cortical and wet, and the three most commonly tested bones were the femur, tibia, and
fibula. The range of age was between 15 and 96 years. More than half of the specimens

came from male subjects, and the range of specimens was between 0.035mm and 20mm.
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Figure 2. PRISMA 2020 flowchart representing the study selection process.
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Table 1. Main characteristics of the included studies

Bone Sex (male, Age . . .

Author Country Element Specimen size |specimen female, (mean, | Testing method Specl.n.len Orle.n tation of

number origin mixed, NA) | years) condition | loading
Anglin, C. (1999) Canada 10 Imm< <Smm | scapula female 80 nanoindentation dry side
Ashman, R.B. (1988) USA 3 Imm< <Smm | femur NA NA UH wet non defined
Banse, X. (1996) Belgium 20 >5mm femur male 63 compression wet non defined
Bargren, J. H. (1974) UK 2 Imm< <5mm | femur female 23 tension wet, dry | axial
Bensamoun, S. (2004) France 1 Imm<<5mm | femur male 70 UH wet axial
Bensamoun, S. (2008) France 3 Imm<<5mm | femur male 70 nanoindentation wet, dry | axial
Berteau, J.P. (2014) France 34 Imm<<5mm | fibula mixed 40 UH, 3p-bending wet side, non defined
Bini, F. (2002) Italy 3 <lmm femur NA NA pressure, tension NA non defined
Birnbaum, K. (2001) Germany 21 >5mm femur NA 73 compression NA non defined
Bry, R. (2012) France 12 Imm<<5mm | humerus male 65 ::r?;% r;:sswn, NA AP, axial
Carretta, R. (2013) Switzerland |1 <lmm femur female 56 tension, 3p-bending | dry non defined
Choi, K. (1990) USA 2 <lmm tibia male 60 3p-bending wet non defined
Cuppone, M. (2004) UK 30 Imm< <5mm | femur mixed 78 3p-bending wet non defined
Dall'ara, E. (2013) Austria 12 Imm< <Smm | vertebra mixed 80 nanoindentation dry AP, side, axial
Dong, N. X. (2004) USA 18 Imm<<5mm | femur NA 56 tension NA AP
Ducheyne, P. (1977) Belgium 15 Imm< <5mm | femur male 47 compression wet axial
Dunham, C. E. (2005) Canada 7 Imm< <5mm | humerus female 79 compression wet axial
Evans, F. G. (1976) USA 6 Imm<<5mm | fibula male 57 tension wet non defined
Fan, Z. (2003) USA 1 <lmm tibia male 52 nanoindentation dry non defined
Fan, Z. (2002) USA 2 Imm<<Smm | tibia male 52 nanoindentation dry AP, side, axial
Franzoso, G. (2009) Italy 1 Imm<<5mm | femur male 81 nanoindentation dry side, axial
Guérard, S. (2011) France 12 >5mm calcaneus mixed 81 compression wet non defined

23




DOI:10.14753/SE.2025.3311

Hengsberger, S. (2001) | Switzerland |2 Imm< <5mm | femur female 86 nanoindentation dry axial

Jensen, N. C. (1988) Denmark 4 >5mm tibia NA 68 compression wet axial
Katsamanis, F. (1990) USA 1 >5mm femur male 50 tension dry axial

Keller, T. S. (1990) USA 9 Imm< <5mm | femur mixed 62 4p-bending wet AP

Korsa, R. (2015) Ei;ﬁ%hc 3 <lmm humerus male 37 nanoindentation NA AP, side, axial
Kuhn, J. L. (1989) USA 5 <Ilmm 1fl;arfu(r:rest, male 39 3p-bending wet non defined
Mansat, P. (1998) France 6 >5mm scapula NA NA UH wet AP, side, axial
Martens, M. (1983) Belgium 45 >5mm femur mixed 55 compression wet AP, side, axial
Moreschi, H. (2011) France 3 NA calcaneus NA 79-88 compression wet axial

Nomura, T. (2007) Japan 12 >5mm mandibula female 66 UH wet non defined
Odgaard, A. (1989) USA 17 Imm< <5mm | tibia male 54 compression wet non defined
Odgaard, A. (1991) Denmark 18 >5mm tibia male 55 compression wet axial

Pattijn, V. (2001) Belgium 1 NA femur NA NA compression, UH wet non defined
Pattin, C. A. (1996) USA 9 Imm< <5mm | femur male 31 compression, strain | wet axial

Reilly, D. T. (1974) USA 19 Imm< <5mm | femur NA 53 strain/compression | wet axial

Reilly, D. T. (1975) USA 11 Imm< <5mm | femur mixed 21-71 strain/compression | wet axial
Reisinger, A. G. (2020) | Austria 1 Imm<<5mm | femur female 61 strain wet non defined
Rho, J. Y. (2002) USA 9 Imm<<5mm | femur male 55 nanoindentation dry non defined
Rho, J. Y. (1993) USA 2 <lmm tibia NA 60 strain, UH wet non defined
Rho, J. Y. (1997) USA 4 Imm< <5mm t]l,lilza’ vertebra male 59 nanoindentation dry axial, non-defined
Rho, J. Y. (1999) USA 1 <lmm femur male 56 nanoindentation wet axial

Sedlin, E. D. (1966) Sweden 14 Imm<<Smm | femur mixed 59 3p-bending wet non defined
Stern, L. C. (2011) USA 10 Imm<<5mm | femur male 49 strain wet non defined
Subit, D. (2013) USA 6 <lmm rib VI-VII NA 64 strain wet non defined
Winwood, K. (2006) UK 2 Imm< <5mm | femur female 54 strain, compression | wet axial

Zysset, P. (1998) USA 8 <lmm femur mixed 75 nanoindentation wet non defined
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n H(‘gag;)E SD (Gpa) min (Gpa) max (Gpa)
Distinct donor 212

Specimen 397 - - - -
Entry count 756 10.61 +9.22 0.008 33.70
Femur 419 12.17 +9.29 0.008 27.00
Tibia 125 6.46 +9.43 0.073 27.10
Fibula 58 13.47 +4.6 3.000 21.60
Vertebra 44 12.56 +2.61 5.320 15.72
All bone Humerus 40 14.99 +7.51 0.117 24.10
Scapula 28 0.19 +0.12 0.010 0.42
Talus 27 0.35 +0.25 0.068 1.22
Calcaneus 15 0.24 +0.12 0.080 0.51
Mandibula 12 24.97 +5.96 14.400 33.70
Rib 6 13.52 +2.59 11.400 18.50
Iliaca 4 4.05 +0.93 3.030 5.26
Wet 541 8.56 +8.98 0.008 33.70
Sample conditions Dry 144 17.80 +7.12 0.010 27.10
NA 93 11.44 +7.69 0.118 24.10
Male 440 12.66 +9.23 0.008 27.10
Sex Female 98 9.67 +9.01 0.010 33.70
NA 240 7.25 +8.2 0.068 21.35
Axial 360 10.44 +9.75 0.019 27.10
Anisotropy AP 54 9.15 +5.39 0.008 19.70
ML 74 5.74 +5.67 0.010 18.50
NA 290 12.35 +9.35 0.080 33.70
<1 mm 108 15.64 +6.58 1.150 26.80
Sample size >1 mm 665 9.87 +9.32 0.008 33.70
NA 5 0.35 +0.17 0.148 0.54
Macro-structure Cortical 437 16.78 +6.03 0.107 27.10
Cancellous 341 2.70 +59 0.008 33.70
<40y 111 12.62 +8.4 0.071 25.00
Age >60y 375 9.47 +9.2 0.008 33.70
Other 264 12.12 +9.23 0.019 27.10
NA 28 2.28 +4.48 0.148 13.10
Compression 302 2.96 +6.33 0.008 23.50
Nanoindentation 203 18.22 +6.42 0.010 27.10
Method Tension 114 15.44 +4.34 1.890 23.41
Bending 88 10.75 +7.38 0.107 21.35
Ultrasound 71 13.50 +93 0.148 33.70
Proximal 180 2.10 +43 0.008 22.50
Anat location Distal 143 7.03 +9.19 0.019 24.66
NA 455 15.10 +7.66 0.010 33.70
Diaphysis 392 16.53 +6.28 0.107 27.10
Epiphysis 193 0.75 +2.14 0.010 22.50
. Metaphysis 48 3.10 +4.84 0.008 16.24
Withinbone - bar 30 1219 £2.79 5320 15.72
Thoraco-lumbar 14 13.36 +2.03 8.200 15.50
NA 101 9.21 +11.27 0.068 33.70
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8.14. Subgroups comparisons
In the overall histogram of all entries, £ values of cortical and cancellous specimens
showed a disjunct distribution (Figure 3). We focused on the three most common bones
(femur, tibia, and fibula) to achieve more homogeneous groups and investigated them by
variable subgroupings or pair comparisons. The summary of the applicable findings can

be seen in Table 3, and their explanatory variable comparisons are shown in Table S2.

Figure 3. Absolute distribution of £ values.

n =756
mean + SD: 10.57 +9.31 GPa
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Both femoral and fibular cortical bone specimens showed higher £ values overall in the
elder subgroup (femur: 19.35+3.72 GPa for those above 60 years vs 14.57+9.21 GPa for

those below 40 years; p<0.001) (Table S4 row 1-57).

For cortical bone specimens with sufficient entry counts (i.e., femur, fibula) male sex was
associated with significantly higher £ values in femoral diaphysis cortical bone (male:
19.20+6.17 GPa; females: 11.25+6.17 GPa; p<0.001). This trend changed in the
subgroup of entries measured by bending. Female specimens tended to have greater E
values in the cortical bone of the fibula and femoral cancellous bone, but without

significant difference (Table S4 rows 104-159).

An appreciable amount of data was only available for the cortical femoral diaphysis. As

for the overall comparison, the mean E value was higher in dry (22.42+2.36 GPa) than in
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wet (16.87+£6.33 GPa) specimen entries (p<0.001). This tendency was consistent for

subgroup comparisons, too. (Table S4 row 82-103).

Table 3. Summary of Young’s modulus subgroup comparisons’ applicable findings (NA

= not applicable)
Cortical bone tissue
Bone  Sample Testing
region count Age Anisotropy Sex Condition Size method
bending vs
<40 ' strain vs
axial vs AP male vs <lmmvs compression
Vs dry vs wet
~60 vs ML female >1lmm Vs -
nanoindentatio
nvs US
Fibula p> p>
diaphysis 58 0.05 NA 0.05 NA p>0.05 p<0.05
Tibia
epiphysis 1 NA NA NA NA NA NA
Femur
epiphysis 1 NA NA NA NA NA NA
Femur p<

diaphysis 274  0.05 p<005 p<0.05 p<005 p<0.05 p<0.05

Cancellous bone tissue

Bone  Sample Testing
region count Age Anisotropy Sex Condition Size method
bending vs
<40 . strain vs
axial vs AP male vs <lmmvs compression
Vs dry vs wet
=60 vs ML female >1mm Vs -
nanoindentatio
nvs US
Fibula
diaphysis 0 NA NA NA NA NA NA
Tibia
epiphysis 66 NA NA NA NA NA NA
Femur
epiphysis 97 NA NA p>0.05 NA NA NA
Femur
diaphysis 3 NA NA NA NA NA NA

Both in fibular and femoral (<1 mm: 20.24+3.33 GPa; >1 mm: 17.22+6.25 GPa;
p<0.001) diaphysis of cortical bones, small (<Imm) specimen size entries had higher £
values. However, nanoindentation measurements in femoral bone specimens showed an

opposite trend, but this difference was not significant (Table S4 rows 160-194).
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A comparison was only possible for cortical fibular and femoral diaphysis specimens. In
femoral specimens, the nanoindentation measurements had the highest £ values
(21.71£2.48 GPa), followed by compressional (17.93+4.13 GPa) and tensional
measurements (15.38+4.24 GPa). The smallest £ values were measured by bending
(12.76+8.85 GPa). US entries could not be included in the comparison due to their low
number. In the fibula, bending showed smaller £ values (9.10+1.55 GPa) than US
(17.14£1.89 GPa), but no other measuring method had a sufficient entry for comparisons

(Table S4 row 195-412)(Figure 4).
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Figure 4. E values by measuring methods in the cortical bone of the femoral diaphysis.
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Figure 5. Relative distribution of cortical and cancellous bones by anisotropy.
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The variation of £ values with load orientation was investigated for all bones together, as
shown in As well as separately for the three most common bones. In both ways, the axially
(19.39+3.34 GPa) loaded specimens had the highest E values. Between AP
(11.71+2.69 GPa) and ML (10.80 + 3.44 GPa) orientations, the difference was significant
in cortical bones, but not in cancellous bones (Figure 5). In case of femoral cortical bone,
significant difference (p<0.01) in anisotropy was seen between AP (10.46+1.98 GPa) and
axial (18.87+3.08 GPa), and in femoral cancellous bone between axial (0.77+2.86 GPa)
and ML (0.59+0.61 GPa)(p=0.015)(Figure 6). The figures (Figure 7) depicting Bland-
Altman plots suggested a significant difference between the mean values of axial and AP
as well as of axial and ML entries. Among the most common bones, applicable data were
available only in the cortical bone of femoral diaphysis for axial and AP comparisons

(Table S4 row 58-81).
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Figure 6. Relative distribution of cortical and cancellous femoral diaphysis by

anisotropy.
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Of the available data, the relationship in terms of E value for bone regions was only
possible for the cancellous bone of the femoral epiphysis and metaphysis. In overall
comparison, the epiphysis £ values (0.87+2.35 GPa) were three times higher (p=0.010)
than those of the metaphysis (3.01+5.04 GPa). Nonetheless, in values by compression,
the epiphysis became two times higher (0.67+0.52 GPa; 0.30+0.38 GPa;p<0.001) (Table

S4 row 432-457).
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Figure 7. Bland-Altman plots, comparing the E values of the identical specimens loaded

from more than one angle.

The overall comparison of the tubular bone ends in the knee joint revealed that the
epiphysis of the tibia (1.05+1.21 GPa) was stiffer (p=0.026) than that of the femur

(0.38+0.39 GPa) (Table S4 row 413-431)(Figure 8).
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Femoral
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cancellous
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Tibial epiphysis,
cancellous
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Figure 8. Comparison of E values between the femoral and tibial epiphyses.

8.1.5. Ranking
The direct regression analysis of the extracted data was not possible due to the
unfavorable data structure (Table S3). However, with the help of the random forest
method, the software calculated the variable importance and generated a weighted
ranking of the explanatory variables of Young’s modulus of bone. Here, the
macrostructure, the measuring method, and the specific bone region had the most

considerable impact on E values (Figure 9).(38)
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Figure 9. The impact of different variables on Young’s modulus of bone (cut-off level

marked as red broken line)

8.1.6. Risk of bias assessment
The result of the risk of bias assessment is presented in Table SS in the supplementary

material.
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8.2 Study II

8.2.1. Case-series study, basic characteristics
In total, 46 patients underwent Lockdown procedures in three centers combined, but
complete follow-up data were available for only 39 patients (3 females, 36 males). Seven
patients were lost during follow-up (not responding to available communication channels,
not attending to follow-ups). The mean age was 38.90 + 12.68 years (range: 16—76 years).
The Lockdown procedure was used as a non-primary surgical option in seven cases (two
acute, five chronic). The average interval between injury and surgery was 26.69 + 84.36
weeks (range: 0.5-510 weeks). Of the injuries, 21 (54%) were classified as Rockwood
type IIL, 6 (15%) as type IV, and 12 (31%) as type V. The mean follow-up period was
24.51 £ 10.12 months (range: 12.8-48.9 months), as the last outpatient visit date when
the functional scores were taken. The injury involved the dominant arm in 17 cases and
the non-dominant arm in 15 cases (NA in 7 cases). The mean time to return to work for
all patients was 7.73 £ 9.95 weeks. The duration of physiotherapy averaged 5.38 + 6.09

weeks. Detailed results are in Table 4.

Table 4. Basic characteristics of the case series.

Time Surgery
Basic Characteristics A.ll Acute Chronic Prlmar.y (Non- Non-Prlr.nary
Patient <3 Weeks >3 Weeks Previously Operation
Operated) (Revision)
No. of patients 39 27 12 32 7
Primary/Revision 32/7 25/2 7/5 - -
Acute/chronic - - 2517 2/5
Gender (M/F) 36/3 25/2 11/1 29/3 7/0

Mean age at op. (years) 38.90+12.68 35.52+9.46 46.5+15.2 36.69 £ 12.08 36.91 £ 14.33

Mean time ofinterval 0 b5 | ¢4 36 1 074065 8433413911 25448700  23.62+87.86
(injury—op) (weeks)

Mean tl“::otr‘f(retum 0 77340095 6871049 9.66+8.73 8.57+ 11.68 8.84+11.73

Follow-up (months)  24.51 +10.12 23.18 £ 8.98 27.53 +12.19 23.84 +£10.45 22.76 £9.72
Rockwood classification:

i 21 (54%) 15 (55%) 6 (50%) 18 (56%) 3 (43%)
v 6 (15%) 4 (15%) 2 (17%) 5 (16%) 1 (14%)
\ 12(31%)  8(30%) 4 (23%) 9 (28%) 3 (43%)
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8.2.2. Case-series study, outcomes
Significant improvements were observed in all postoperative functional scores and pain
levels. The NRS decrease was in favor of both acute (mean difference: —2.26; 95% CI:
—3.99—0.53; p = 0.013) and primary (previously non-operated) cases (mean difference:
—2.37; 95% CI. —4.42—0.32; p = 0.027). The patient-reported significant visible
deformity was present preoperatively in 63% and 75% of acute and chronic cases, which
decreased to 33% and 8% postoperatively. Still, in previously operated cases, there was
no relevant change. The mean postoperative Oxford Shoulder Score (OSS), Constant, and
Imitani scores were 44.92 +7.63, 90.20 + 15.08, and 91.66 + 16.36, respectively. Notably,
OSS improved from 12.93 + 7.14 to 44.56 = 9.09 in acute cases, and from 29.17 £ 12.60
to 45.83 £ 2.29 in chronic cases, and the difference between the two improvements was
14.96 (95% CI: 6.45-23.47; p = 0.0017). Similar significant improvements were noted
across all measured shoulder scores (Imitani, Constant, UCLA, DASH, SST, ASES).
Table 5 presents detailed preoperative and postoperative functional outcomes for both
acute and chronic cases. In all instances, the observed improvements are statistically
significant, with consistently more favorable results in the acute cases (Table 5). A
subgroup analysis was also conducted comparing previously non-operated cases with
revision cases. The box plots reveal notable differences across both the surgical subgroups
and the acute vs. chronic cases. However, no substantial differences were observed
between the subgroups concerning gender or Rockwood classification, as demonstrated
in Figure 10. In the non-previously operated cases, the results are similar to the acute vs.
chronic comparison, but the change is not significant (only relevant, according to the

MCID values) in the OSS, Constant, and Imitani scores.(39, 92-95)
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Table 5. Case series, changes in scores. Table of pre-and postoperative scores in acute and chronic cases with significant differences (p <

0.05). (diff.: difference).

Acute Chronic Difference p Value

(diff.
Preop Postop Preop Postop Acute Chronic Acute -
diff.chr)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
OSS 1293 +7.14 4456 £9.08 29.11 £12.60 4583 +£229 —-31.63 49.62 —16.67 =£12.42 0.0017
IMITANI  26.11 =£16.78 91.67 +£19.22 52.08 +£30.41 91.67 +9.13 -65.56 +£22.12 -39.58 +27.26 0.0096

CONSTANT 18.22 +15.37 91.11 #1733 4783 £25.66 88.17 +£9.53 —72.89 +£22.07 -40.33 +£26.96 0.0017

UCLA 8.52 +4.85 3259 +£6.20 17.00 +6.86 32.58 +£3.63 -—24.07 +£7.78 -—1558 827  0.0069
DASH 73.64 £16.35 7.65 £17.41 4190 =£21.55 697 +£8.69 6598 +£20.24 3493 £22.85 0.0004
SST (%) 6.47 +17.51 88.59 +19.65 3474 4£27.72 86.12 +10.26 —-82.12 +2591 —51.38 +32.54 0.0099
ASES 26.63 £15.07 90.44 +20.09 52.08 +26.12 9325 +£6.55 —63.81 +£20.83 —41.17 £25.67 0.0151
NRS (1-10)  6.78 +1.76 085 +238 458 4281 092 +0.94 5.93 +2.34 3.66 +2.42  0.0131
Preop: preoperative; Postop: postoperative; diff.: difference; chr.: chronic., ASES: American Shoulder and Elbow Shoulder score; UCLA:

University of California Los Angeles Shoulder Score; NRS: Numerical Rating Scale; DASH: Disabilities of the Arm, Shoulder, and Hand
Score; SST: Simple Shoulder Test Score
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Figure 10. The data distribution is shown in box plots for each score by classification in
time, gender, severity by Rockwood, and previous surgery. The figures demonstrate that
acute and non-previously operated cases have better outcomes in all scores. The box plots
represent the median and quartiles of the dataset. The horizontal line within the box
represents the median, while the upper and lower quartiles are the upper and lower edges
of the box. Box plots of functional outcomes: (a) Oxford score; (b) Imitani score; (c¢)
Constant score; (d) UCLA (University of California Los Angeles Shoulder) score; (e)
DASH (Disabilities of the Arm, Shoulder, and Hand) score; (f) NRS—Numerical Rating
Scale; (g) SST (Simple Shoulder Test) score, (h) ASES (American Shoulder and Elbow

Surgeons) score.
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Complications were observed in 12 cases (30.8%) (in eleven patients), 7 in the acute
group and 5 in the chronic group. Of these, seven cases were associated with wound
redness and discharge, and four required revision surgery between two weeks and two
months. Deep infection was confirmed in three cases (S. aureus; C. acnes), leading to
implant removal in two cases. Thus, out of seven cases of infection, only two (5.1%)
required implant removal and were considered implant failure. Three of the seven cases
of varying discharge were managed conservatively with antibiotics. No pathogen was
found behind superficial (spf.) infections. Six to thirty-four months after surgery, four
patients experienced re-injury after their AC reconstruction, three of whom had been
treated for spf. infections. All re-injured patients underwent revision surgery with implant
removal. No other implant migration was observed. A detailed table of complications is

presented in Table 6.
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Table 6. Case series complications. A detailed table of complications is included in our case series.

No. of . . Prou Implant Reason for Time Until Lockdow
Patient Previous d . . Traum . . . Result of
Grou Loosenin Discharge Reoperation Reoperatio Reoperatio n Implant .
ID Surgery Metal Bacteriogram
p g n n (days) Extracted
-work
525.6 +
Acute 27 1 2 1 4 3 5 613 .48 4
H1 1 0 0 1 0 1 discharge 18 1 S. aureus
H7 0 0 1 1 1 1 trauma 1045 1 0
HS 0 0 0 1 0 1 discharge 58 0 0
H27 0 0 0 0 1 1 trauma 1326 1 0
P4 0 0 0 1 1 1 trauma 181 1 S. aureus
H13 0 1 0 0 0 0 0 0 0 0
H22 0 1 0 0 0 0 0 0 0 0
. 141.33 +
Chronic 12 1 1 1 3 1 3 216.23 2
03 0 0 1 1 0 1 discharge 19 0 C. acnes
04 1 0 0 1 1 1 trauma 391 1 0
P5 0 0 0 1 0 1 discharge 14 1 S. aureus
02 0 1 0 0 0 0 0 0 0 0
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8.2.3. Systematic Search, Basic Characteristics
Of 273 articles, 14 met the inclusion criteria, but only nine articles were eligible for data
extraction.(4, 27, 40, 96-106) These studies involved 205 patients from 2007 to 2024,
with a mean age of 39.17 &+ 2.96 years (range: 1676 years). The detailed flowchart of
selection by PRISMA 2020 is demonstrated in Figure 11 extraction.(4, 27, 40, 97, 98,
103-106)

The mean time from injury to surgery was 27.18 £ 24.51 months (range: 0—120 months).
Previous surgeries, including the Weaver—Dunn procedure and Kirschner wire fixation,
were noted in some studies (40, 98), but data on prior surgeries were not consistently
reported. Time to return to work ranged from 5 to 6 weeks. Postoperative physiotherapy
ranged from 6 to 8 weeks. The Rockwood classification of injuries was not consistently
reported across studies. However, patient satisfaction exceeded 90% in four studies, with
occasional pain reported in two studies; patient satisfaction, however, was not described

in three studies. Detailed basic characteristics are presented in Table 7.

Table 7. Basic characteristics of the systematic search. Basic characteristics of the

systematic search. (RCS: retrospective cohort study; PCS: prospective cohort study).

Year of Origin No. of Study Femal Mean Age Rockwood Mean Mean
Publication , ° Cases Design Male e (year) Classification Interval - Follow Up
Authors (months) (months)
Narang et 8:111; 4:1V;
. (27) 2023 UK 492 RCS 39 3 422 30:v: 71.1 68
Jeon et al. South 9:qII; 1: IV,

(40) 2007 Ot 11 RCS 11 0 39 IV, 18 55

Bhattachary g UK 11 PCS 10 1 35.1 ST 21 24
aetal. (97)
W"("I%g al- 5009 UK 10 RCS NA NA NA STIT NA 6
Carl((’j)et al o1 UK 45  PCS 32 13 376 STII 72 26.9
Ceglnlggg 2018 Tukey 16 RCS 16 0 385 > NA 20
Kumar et al. 13:111; 4:1V;

(103) 2014 UK 24 RCS NA NA 49 T 39 30

S;ra(%'(l)z)et 2022 UK 25 RCS 22 3 36 IV: 19; V:6 NA NA
Wright et al. 12:111; 1:1V;
(106) 2015 UK 21 RCS 21 0 43 BV 6.80 30
No. of 205
patients
No. of 9
studies
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Identification of studies via databases and registers ]
o
Records identified from:
Databases (n = 5):
5 + Medline (n=64) Records removed before screening:
% + Embase(n=79) Duplicate records removed (n = 171)
= « CENTRAL (n=2) _|Records marked as ineligible by
t + Scopus(n=77) automation tools (n = 0)
i + Web of science (n = 50) Records removed for other reasons (n
+ Additional Reports included =0)
from other reviews (n=1)
Registers (n =0)
— A4
Records screened (by title and |Records excluded
abstract) (n =24)
(n=102) B
A
s
c Reports sought for retrieval J . _
E (n=78) Reports not retrieved (n =0)
&
A 4
Reports assessed for eligibility
(n=78) Reports excluded (n = 69):
Excluded during extraction. for not

reliable result (n = 5)

Procedure and X-ray tecnique

\ descriptions (n = 1)

Not Surgilig or Lockdown (n = 38)
Other technique descriptions (n = 4)
Other systematic reviews and meta-
analysis (n = 21)

Studies included in systematic-
review (n = 9)

Studies included in meta-
analysis (n=0)

Figure 11. Systematic Review flowchart (PRISMA 2020). In this systematic review, nine
studies were evaluated from the 102 screened records after the initial search results of 273

records.
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8.2.4. Systematic Search, Outcomes
Due to incomplete data, an accurate statistical analysis of shoulder scores was not
possible. Preoperative scores were available only for OSS and Nottingham scores in three
articles, whereas postoperative data were more commonly reported. The mean
postoperative OSS from four articles was 38.46 + 13.36 (4, 27, 103, 104, 106), and
Constant and Imitani scores from five and two articles were 85.46 +£4.20 (40, 97, 98, 104,
106) and 85.85 + 6.57, respectively (40, 97). UCLA and Simple scores were only
available from Carlos et al.(4) Detailed basic characteristics are presented in Table 4. The
heterogeneity of the data prevented our group from completing the meta-analysis. (4, 27,
40,97, 98, 103-106) Table 8 presents the available pre- and postoperative article numbers

for each functional outcome value, reports of deformity, and pain levels.

Table 8. Heterogeneity of the literature. Summary of data collected from the articles.
Presentation of the heterogeneity of the literature. (ASES: American Shoulder and Elbow
Shoulder score; UCLA: University of California Los Angeles Shoulder Score; NRS:

Numerical Rating Scale).

Oxford ASES Nottingham Imitani Constant
Preop. 2 0 1 0 0
Postop. 5 0 1 2 5

UCLA Simple Pain (NRS) Deformity Complications
Preop. 0 0 2 1 -
Postop. 1 1 4 0 8

Preop: preoperative; Postop: postoperative; diff.: difference; chr.: chronic., ASES:
American Shoulder and Elbow Shoulder score; UCLA: University of California Los
Angeles Shoulder Score; NRS: Numerical Rating Scale; DASH: Disabilities of the Arm,
Shoulder, and Hand Score; SST: Simple Shoulder Test Score
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8.2.5. Systematic Search, complications
The rate of complications rate across the studies was 34.6% (71/205 patients), with the
most common issues being implant-related problems such as proud metalwork (a
noticeable, protruding bulk of metalwork beneath the skin), loosening, stiffness, joint
subluxation, and subacromial impingement, occurring in 30.7% of cases. Spf. infection
and discharge occurred in eight cases. Reoperations were performed in 15 cases (7.3%),
and 11 (5%) implants were removed due to re-injury, subacromial impingement, and
infection. The cases were considered as implant failures that had to be removed during
revisions due to non-reinjury. Therefore, the aggregated implant failure rate was 11/205

(5.4%). A detailed list of complications in the SR is in Table 9.

8.2.6. Risk of Bias Assessment
The result of the risk of bias assessment is presented in Table S6, Figures S1 and Figure
S2 in the Supplementary Material, which shows a low level of evidence due to their study

designs.
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Table 9. Complications in the systematic review. Detailed table of complications in the literature

Other
(Stiffness, . .
Numbe Impla.n ¢ . Graft . Superficia Previou # of Reoperatio Reasons Previou Time Until Lockdow Result of
. r of Loosening, Subluxatio Proud/Prominenc 1 Traum . nDueto . R
Article . . Rupture, . s Reoperatio for s Reoperatio n Implant Bacteriogra
Patient Osteolysis, n . e Metalwork Infection, a Non-
Subacromial . Surgery n .. Reop Surgery n (months) Extracted m
J Fracture . Discharge Reinjury
Impingement
)
Naranget ) 0 8 (X-ray) 3 (stiffness) 5 (proud) 1 0 0 2 2 Proud NA 2 NA
al. (27) Y P metal.
. 3
Jeonetal. ;I (coracoid \ o oy 5 (gub) 0 0 1 (Weaver 2 2 Subacr. 6-10 1 NA
(40) fr,) Burs.
Dunn)
4
Bhattachary . Graft
actal. (97) 11 (loose;emng 0 1 (graft) 4 (prom.) 0 NA 0 1 1 rupture 6 1 NA
Wood et al.
(105) 10 0 0 0 0 0 0 NA 0 0 0 0 0 0 0
Carlos et al 1 migreligion = 6 inf, 1
) 45 (loosening) sublux (X- 0 6 (skin irritation) NA 0 NA 7 7 loosenin  NA 9 6 0
ray) &
Cetinkaya . 1 (K-
et al. (98) 16 1 (Iysis) 1 (X-ray) 0 0 0 0 wire) 0 0 0 0 0 0 0
Kumar et al.
(103) 24 0 0 0 0 4 1 NA 1 0 0 0 NA 0 0
Saraglis et 1 . .
al. (104) 25 (osteolysis) 0 0 3 0 0 1 1 infection 0 NA 1 0
Wright et 1 (subacrom. Subacr.
al. (106) 21 0 0 imp.) 0 0 1 NA 1 1 Burs. 0 NA 0 0
205 8 33 7 15 8 3 4 15 14 6-10 11 0
100% 3.9% 16.1% 3.4% 7.3% 3.9% 1.5% 2.0% 7.3% 6.8% 5%

NA: not available; #: number; prom: prominent; fr: fracture;
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9. DISCUSSION
9.1. Summary of findings, international comparisons (including all

studies)
Both studies reveal a deeper, shared narrative centered around biomechanics, material
behavior, and system adaptability. In addition, these studies highlight the significance of
understanding structural integrity and the need for tailored approaches in fields that

intersect engineering principles with biological realities.

Our studies originated from a clinical observation that the Lockdown ligament has a very
high tensile strength, and sometimes it is able to break off the coracoid process. For this
reason, the clinical results were assessed via our own study and a literature review. Also,
it was our intention to create an FE model of the coracoid to analyse the risk of fracture.
The latter plan, however, could not be accomplished as a seemingly simple step, i.e., what
mechanical properties bone tissue has, proved to be a question that required extensive
research due to the complexity of the problem. Therefore, the idea of a finite element
model was abandoned as it would have exceeded the boundaries of this thesis. The study
of Young’s modulus emphasizes how bone’s mechanical properties, like stiffness and
elasticity, vary based on factors such as macrostructure, orientation, and moisture content.
Bone tissue often seems to behave like a complex composite material rather than isotropic
metals. (The result that macrostructure had the most significant impact was consistent
with the observation by Rho et al., who explained that the cortical and the trabecular
bones did not behave mechanically in the same way.(83) ) This concept parallels the
Lockdown surgery’s focus on restoring the biomechanical function of the AC joint using
anatomical reconstruction. The Lockdown artificial ligament’s ability to achieve a pull-
out strength of 1700N, surpassing traditional CC slings (483-500N) from Fiberwire,
reflects the application of biomechanical principles in surgical innovation.(27) In both
cases, achieving optimal mechanical performance relies on recognizing the distinct
properties of the biological materials being manipulated—whether bone or soft tissue—
and leveraging them to achieve stability and strength.

Anisotropy, or the directional dependence of material properties, is critical in implant
fitting and finite element planning. The first study showed that cortical and trabecular
bones behave differently under mechanical loads, with orientation playing a pivotal role

in E value variability. (Our results were in agreement with the results of Fan et al.(12)
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They also concluded that measurements using axial load yield higher £ values than those
using AP and ML loads. Many FEAs use isotropic and homogeneous elements (107-111)
because they make calculations faster and easier, and because the resolution of clinical
quantitative computed tomography (QCT) is insufficient for detecting anisotropy.(112)
Taddei et al. demonstrated that FEA results could be improved by transforming
Hounsfield unit values into £ values before sending the data for further finite element
(FE) calculations.(113) This FE model was also isotropic. Trabelsi et al. investigated
inhomogeneous and orthotropic FE models, and their conclusion was that a more realistic
FEA was needed.(114) The question in brief is as follows. CT scans detect the radiopaque
part of bone, the mineralized components, but do not give information about the elastic
components, such as the collagen structure. If we accept the theory that bone is a
composite material, we have to question whether any correlation may exist between
Hounsfield units and bone mechanical properties.) This insight directly correlates to
Lockdown surgery, where anatomical reconstruction aims to restore the original dynamic
behavior of the AC joint’s ligamentous structures. This artificial ligament can promote
favorable tissue reactions and ingrowth, contributing to the strength and flexibility of the
reconstructed system, which explains the functional outcomes.(115) In our cohort,
functional outcomes were notably superior in the acute group and most metrics of the
non-previously operated group, as detailed in Table 5 and Figure 9. While minimal
clinically important differences (MCIDs) have not been explicitly defined for AC joint
dislocations, thresholds derived from rotator cuff pathology, as referenced by Lindborg et
al., offer a useful benchmark.(39) In subgroup comparisons between primary and revision
cases, most functional outcomes showed statistically significant differences - except for
the OSS, Constant, and Imitani scores. Nevertheless, these values still surpassed
established MCID thresholds, indicating clinical relevance. Specifically, the mean
difference for the OSS was 12.22 (95% CI: —0.34-24.78; p=0.051), and for the Constant
score, it was 32.07 (95% CI: —0.73-64.86; p = 0.054), both exceeding the MCIDs of 3.3
and 10, respectively.(92, 116) No MCID has yet been defined for the Imitani score in the
existing literature. A sample size of 71 is needed for 80% power, but the MCID and the
visualization by box plots confirm better results in the non-previously operated group.
Our postoperative results for the Lockdown cohort align closely with existing literature.

Aggregated data from prior studies report mean postoperative scores of 38.46 + 13.36
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(OSS), 85.46 + 4.20 (Constant), and 85.85 + 6.57 (Imitani). Our cohort demonstrated
comparable outcomes, with scores of 44.92 + 7.63, 90.20 = 15.08, and 91.66 + 16.36,
respectively. Systematic reviews by Sircana and Borbas et al. reported mean postoperative
Constant scores ranging from 87.2 to 90.6, consistent with our findings.(117, 118)
Similarly, Kumar et al. observed favorable trends in Nottingham scores, echoing our
improvements. (103). However, the absence of preoperative scores in most of the existing
literature limits the ability to make direct comparisons, as the majority of published
studies focus solely on postoperative outcomes. Narang et al. and Kumar et al. concluded
that the Lockdown procedure outperformed the Weaver—Dunn technique regarding
functional outcomes and recovery time. (27, 103) (As already mentioned in the
introduction section, the older alternative methods, such as Bosworth screw, Kirschner
wire, or Hook plates, offer instant fixation, but the metal implants, due to their rigid
nature, can lead to subacromial erosion, impingement, shoulder stiffness, and pain.(20,

23))

Both studies emphasize the adaptability of biological materials and the need for context-
specific responses. In the case of Young’s modulus, the finding that wet specimens
exhibited lower E values than dry specimens underscores the influence of environmental
factors on material properties. (We found that wet specimens had smaller £ values than
dry ones, which was in accordance with the literature.(14, 65, 119, 120) A possible
explanation for this could be connected with the behavior of collagen. Without water,
collagen fibrils might stiffen and contract axially, leading to a higher bone E value.(121))
Similarly, Lockdown surgery outcomes demonstrated variability depending on patient-
specific factors such as prior surgeries, injury chronicity, and high-energy trauma. Both
fields highlight the responsiveness of biological materials to their environment, whether
it’s the hydration state of bone or the physical demands placed on a reconstructed AC
joint. By accounting for these context-dependent variables, researchers and clinicians can

develop more robust models and improve patient-specific surgical interventions.

Other factors, such as size, sex, age, and location, were also investigated in Study 1. We
intended to compare more bones from different locations; however, insufficient data were
available in the literature. In the case of size, we used the smallest dimension of the
specimen as the size parameter for our analysis. According to our results, specimens with

a size less than 1 mm showed higher E values. The reason for this was most probably the
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fact that small specimens were predominantly measured by nanoindentation, while larger

specimens were tested mainly by other methods.

The E values of male and female specimens were different. A possible explanation for
significantly higher male values could be that the stiffer cortical bone may cause stress
shielding. The low number of female specimens from cancellous femoral epiphysis can

explain the lack of significance, but similar results were found by Vale et al.(122)

In the study of Ding et al., a peak was observed for elders (between 40 and 50 years), and
a decrease of E values with higher age.(123) In our results, the specimens were stiffer in
the elder subgroup, but a peak like the one mentioned in the literature was not observed.
The fact that all the osteoporotic bone specimens were excluded probably caused this
disagreement with other studies. In the literature, the explanations for the age-related
deterioration include the loss of trabecular bone substance (118), age-related

microdamage accumulation, and the change of collagen integrity.(124)

Table 10. Comparison of complications. Comparison of complications in the literature and

our case series. (Spf.: superficial, Sys: systematic).

Complication Differences

Our Results Sys Search
Number of patients 39 205
Number of complications (without trauma) 12 30.8% 71 34.6%
Time interval 26.69 + 84.36 108.72 + 98.04
(from injury to surgery, weeks) (0.5-510) (27.2-284.4)
Stiffness, subacromial imp, graft failure 0 0.0% 7 3.4%
Subluxation 0 0.0% 33 16.1%
Proud metalwork, skin irritation 3 7.7% 15 7.3%
Implant loose, coracoid fracture, osteolysis 2 5.1% 8 3.9%
Superficial infection 7 17,9% 8 3.9%
Re-injury 4 10.3% 3 1.5%
Previous surgery 7 17.9% 4 2.0%
Reoperation 8 20.5% 15 7.3%
Implant remove 6 15.4% 11 5.4%
Implant failure 2 5.1% 11 5.4%

It is worth noting that in Study II. our analysis (Table 10) revealed a comparable overall
complication rate (30.8% vs. 34.6%), although infections were significantly more

frequent in our cohort (17.9% vs. 3.9%). Three of these infections were successfully
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treated with antibiotics, while two deep infections (5.1%) necessitated implant removal
—rates that align with those reported in the literature. The higher incidence of superficial
infections in our cohort may be partly attributed to the exclusive postoperative follow-up
conducted by surgical teams in Hungary. Notably, two of the seven infection cases were
revisions following other surgical techniques, and our cohort included a greater
proportion of non-primary Lockdown cases compared to the literature. The reviewed

studies did not report any bacterial culture results.

The re-injury rate in our cohort was substantially higher (10.3% vs. 1.5%), likely
reflecting the inclusion of mixed patient cases, including at least three involving high-
energy trauma capable of damaging the native acromioclavicular (AC) joint. Additional
complications observed included prominent metalwork (7.7%) and implant loosening
(5.1%), whereas no cases of joint stiffness, subluxation, or subacromial impingement
were recorded. In contrast, literature data report subluxation (16.1%), prominent
metalwork (7.3%), implant loosening (3.9%), stiffness (1.5%), subacromial impingement

(1.5%), and graft rupture (0.4%).

Our cohort demonstrated a higher rate of implant removal (15.4% vs. 5.4%), primarily
driven by re-injury, unresolved deep infections, and a higher proportion of revision
surgeries from failed previous procedures. When considering infections and implant
loosening alone—excluding re-injuries—the "true" implant failure rate was similar
between our cohort and the literature (5.1% vs. 5.4%). However, the reoperation rate in
our study (20.5%) exceeded reported values (7.3%), primarily due to re-injuries and deep

infections caused by S. aureus.

In the literature, reoperations were attributed to subacromial bursitis (three cases),
prominent metalwork (two cases), infections (seven cases), implant loosening (one case),
and graft rupture (one case). Comparatively, Lockdown procedures have shown less
persistent postoperative pain than the modified Weaver—-Dunn procedure, while the
superficial infection rate remained similar(103). In a study by Saraglis et al. (n = 48), the
double endobutton group had a higher infection rate (three vs. zero cases), whereas

radiological failure was lower in the Lockdown group (four vs. six cases)(104).

Systematic reviews have reported overall complication rates of 9.1-14.9% for synthetic

systems, 15.5-22% for biological grafts, 29.7% for internal fixations, and 17.3% for
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ligament transfers.(117, 118) Chronic AC joint instability fixation and revision surgeries
remain underreported, as noted by Berthold et al. and illustrated in Table 9, where four
out of nine studies provide insufficient detail.(125) This underreporting may impact the
interpretation of results. Across all AC joint reconstruction methods, the general
complication rate stands at 20.8%, and 27% specifically for coracoclavicular (CC)
ligament reconstruction, according to meta-analyses by Gowd et al. and Martetschlager
etal..(126-128) Moreover, rigid fixation devices are associated with loss of motion, which
increases the risk of breakage, implant loosening, subacromial erosion, impingement, and

the need for additional surgery for implant removal.

In Study II., Comprehensive information on physiotherapy duration, postoperative
deformities, and return-to-work timelines was often lacking.(103, 104, 129) Furthermore,
variability in reported pain levels across studies made reliable comparisons difficult.(4,
27, 40, 97, 98, 103-105) The study’s design also limited the ability to assess potential

positive impacts of elapsed time, physiotherapy, and medication on surgical outcomes.

Also, in Study II., The literature often compares conservative and surgical treatments for
AC joint injuries. Bostrom et al. (2022; 124 cases) observed no significant difference
between Hook plate fixation and conservative management in Rockwood type III and V
injuries.(130) A 2015 randomized controlled trial by the Canadian Orthopaedic Trauma
Society (76 cases) similarly compared Hook plate fixation with nonoperative treatment
in injuries beyond Rockwood type III, reporting improved short-term function in the
nonoperative group but no meaningful differences in long-term outcomes.(131) Murray
et al. (2018; 60 cases) also found comparable one-year functional results between open
reduction with suspensory device fixation (ORTSD) and conservative treatment for
Rockwood type III and IV injuries.(132) While the conservative group had superior OSS
scores at six weeks, many patients later required delayed surgery due to
dissatisfaction.(132) In a multicenter randomized trial, Tauber et al. (85 cases) found no
significant difference between surgical (tightrope or Hook plate) and nonsurgical
approaches for Rockwood type III injuries. However, surgical treatment was associated
with slower recovery, more complications, and higher rates of posttraumatic osteoarthritis

and heterotopic ossification.(133)
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System designs are impacted directly by the variability of material properties in both finite
element analysis (FEA) models for bone and surgical implant design for Lockdown
procedures. Young’s modulus study shows how macrostructure, load orientation, and
specimen size affect E values, which in turn influence the accuracy of FEA models. The
limitations of isotropic models for bone are analogous to the limitations of rigid fixation
methods in AC joint surgery, as seen in Kirschner wire and Bosworth screw
techniques.(20, 22) Lockdown’s synthetic ligament, which accommodates natural joint
dynamics, echoes the recommendation from bone research to use more context-sensitive
and anisotropic models. Both fields emphasize that design choices must respect biological

materials' inherent variability and complexity to achieve optimal functional outcomes.
9.2. Strengths (including all studies)

There are several strengths of our studies. We implemented a rigorous methodology to be
transparent, to provide precise and detailed data collection, and create a structured

analysis of the outcomes.

In Study I., we successfully included a large number of samples from a wide range of

publications, which may enhance the generalizability of our findings.

Study II., offers several notable strengths, particularly its thorough assessment of the
Lockdown procedure for AC joint dislocations and its comprehensive, up-to-date

literature review.
9.3. Limitations (including all studies)

In Study I. a pediatric subgroup was intended to be created; however, this was not possible
due to their low number and wide age range. For nanoindentational measurements, there
are at least eight methods to calculate the E value, of which the Oliver-Pharr method is
the most popular. The included studies exhibited significant heterogeneity in both data
and reporting. First, many datasets were incomplete or inaccurately reported, leading to
gaps in the analysis. Second, we were able to examine only a limited number of
subgroups. Third, variability in specimen preparation added to the overall heterogeneity.
Key details, such as the time between specimen preparation and testing, were often
unreported. Additionally, load orientation was sometimes unspecified. We did not
differentiate between platen and end-cap methods in compression techniques, which may

have influenced the results.

51



DOI:10.14753/SE.2025.3311

In Study II., there are certain limitations. The lack of control groups hinders direct
comparisons with alternative surgical techniques. While this is a key limitation, it is
consistent with the design of many similar studies in the literature. Additional biases
include selection bias—stemming from the unavailability of data on the total number of
AC joint dislocations treated at the participating centers—and observer bias, due to the
absence of blinding and the inherently subjective nature of surgical assessments.
Although the sample size is moderate, it remains meaningful given the systematic search
approach used, enhancing the robustness of our findings. We integrated prospective data
collection with prospective follow-up to address selection bias, thereby improving the
study’s reliability. The average follow-up period of two years is sufficient to evaluate
short-term outcomes, but extended follow-up is necessary to assess long-term results. A
meta-analysis could not be performed due to heterogeneity among the included studies,
prompting us instead to conduct a systematic review, further underscoring the need for

future research in this area.
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CONCLUSIONS

We assessed the influence of various factors on the Young’s modulus of bone.
Notable differences were observed in macrostructure and anisotropy, particularly
between the femoral epiphysis and metaphysis, as well as within the epiphysis of
the distal femur and proximal tibia.

According to our results, the E value of the tibia in the knee joint was twice as
much as that of the femur

The anisotropic properties of the bone had to be accounted for, which are missing
in the in silico calculations.

Although a high complication rate was noted both in our cohort and in the
literature, our findings indicate that the Lockdown technique is effective for
treating primary and acute AC joint injuries, particularly in terms of functional
outcomes. The consistently elevated complication rates across different surgical
approaches suggest that the anatomical region itself may be inherently susceptible
to complications.

In both studies, the literature misses essential data, which prevents proper meta-

analytic calculations.
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11. IMPLEMENTATION FOR PRACTICE

The rapid integration of results into clinical practice is beneficial.(134, 135)

1) Study L.
To support the development of new implant designs, our data can contribute to creating
more accurate finite element (FE) models by accounting for anisotropy and regional
variations in Young’s modulus within the same bone. More importantly, our findings may
aid in establishing more standardized measurement protocols across the literature and
research designs, enabling a clearer understanding of the type and extent of Young’s

modulus dependence on various influencing factors.

2) Study II.
In clinical practice, the Lockdown technique is a viable option for acute AC joint
reconstruction, demonstrating a complication rate similar to other surgical methods.
Among patients undergoing Lockdown revision following a previously failed procedure,

we observed only a mild rate of complications.
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12. IMPLEMENTATION FOR RESEARCH

1) Study I.
Based on our findings, more standardized measurement parameters are recommended,
tailored to the specific variables involved, and current FE models should be updated
accordingly. When selecting Young’s modulus values, the following factors should be
considered in order of decreasing importance: macrostructure, measurement method,

bone region, bone type, specimen size, orientation, specimen condition, age, and sex.

2) Study II.
Further research employing robust study designs and high-quality data is essential to
effectively compare various reconstruction methods, including Lockdown and other
suspension techniques. Notably, there is a significant gap in data concerning patients who
have undergone prior non-Lockdown procedures followed by revision to the Lockdown

technique.
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13. IMPLEMENTATION FOR POLICYMAKERS

The proportion of elderly people is increasing year by year within the total population of
Western countries, including Hungary, and this is reflected in the number of joint
replacements. This has a serious financial impact in primary cases, but even more so in
the treatment of complications (periprosthetic fractures, loosening, dislocations and
infections). The number of complications can be reduced in the long term if the most
suitable implant is placed for the patient with the most effective implant fitting. In order
to achieve this, policymakers and research funders should support the creation of
standardized protocols for specimen preparation, measurement methods, and data
reporting. To enhance the accuracy of biomechanical simulations used in implant design,
policymakers can encourage regulatory bodies and funding agencies to prioritize FE
models that account for anisotropy, bone region specificity, and real-world material

properties.

In case of ACJ injuries, Policymakers could promote the development and adoption of
standardized surgical protocols, which would help improve outcomes and reduce
complication variability across institutions. The findings suggest superior functional
outcomes in acute (<3 weeks) cases. Policymakers could consider including this in
clinical guidelines as a first-line surgical option for acute AC joint dislocations with no

prior history of ACJ reconstruction.

For both studies, the necessary registries and their administration require non-physician
medical administrators, who are lacking in our Healthcare. Policymakers should rethink
the roles of physicians as “good-for-everything” persons, which is an economic waste for

administrative tasks, and should hire more administrative staff to do those.
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14. FUTURE PERSPECTIVES
Due to the gap in the literature data in both studies, our plan is to recreate the systematic
search and meta-analysis every 5 years, with the hope that the gaps will be filled with

other studies.

Synchronization of in vitro studies with in silico measurements in order to cut the gap
between the two methods, highlighting the need for including the anisotropy into the in
silico calculations. To accomplish this plan, a possible solution could be a cooperation
between the biophysicists of Semmelweis University (SE) and the engineers of the
Budapest University of Technology and Economics (BME). Such a solution would be an
in vitro experiment of the scapula connected with a simultaneous CT scan of the same
specimen, before Young modulus testing methods. The following project would be an in

silico model for predisposing factors of coracoid fracture following ACJ reconstruction.

Creation of randomized trials in order to better compare the effectiveness of different
surgical techniques in AC reconstruction. To achieve this goal, the continuous

collaboration between the centers is essential.

57



DOI:10.14753/SE.2025.3311

15. REFERENCES

1. Cook JB, Krul KP. Challenges in Treating Acromioclavicular Separations: Current
Concepts. The Journal of the American Academy of Orthopaedic Surgeons.
2018;26(19):669-77.

2. Saccomanno MF, Sircana G, Cardona V, Vismara V, Scaini A, Salvi AG, Galli S,
Marchi G, Milano G. Biologic and synthetic ligament reconstructions achieve better
functional scores compared to osteosynthesis in the treatment of acute acromioclavicular
joint dislocation. Knee Surgery, Sports Traumatology, Arthroscopy. 2021;29(7):2175-93.
3. Sirin E, Aydin N, Mert Topkar O. Acromioclavicular joint injuries: diagnosis,
classification and ligamentoplasty procedures. EFORT open reviews. 2018;3(7):426-33.
4, Carlos AJ, Richards AM, Corbett SA. Stabilization of acromioclavicular joint
dislocation using the ‘Surgilig’ technique. 2011;3(3):166-70.

5. Kani KK, Porrino JA, Mulcahy H, Chew FS. Surgical techniques for management
of acromioclavicular joint separations: review and update for radiologists. Skeletal
radiology. 2020;49(8):1195-206.

6. Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and revision
hip and knee arthroplasty in the United States from 2005 to 2030. The Journal of bone
and joint surgery American volume. 2007;89(4):780-5.

7. DeTolla DH, Andreana S, Patra A, Buhite R, Comella B. The Role of the Finite
Element Model in Dental Implants. Journal of Oral Implantology. 2000;26(2):77-81.

8. Reddy MS, Sundram R, Eid Abdemagyd HA. Application of Finite Element
Model in Implant Dentistry: A Systematic Review. Journal of pharmacy & bioallied
sciences. 2019;11(Suppl 2):S85-s91.

9. Kazembakhshi S, Luo Y. Constructing anisotropic finite element model of bone
from computed tomography (CT). Bio-medical materials and engineering.
2014;24(6):2619-26.

10.  Gultekin BA, Gultekin P, Yalcin S. Application of Finite Element Analysis in
Implant Dentistry. Finite Element Analysis - New Trends and Developments. 2012.

11. Tabor Z, Rokita E. Quantifying anisotropy of trabecular bone from gray-level
images. Bone. 2007;40(4):966-72.

58



DOI:10.14753/SE.2025.3311

12.  Fan Z, Swadener JG, Rho JY, Roy ME, Pharr GM. Anisotropic properties of
human tibial cortical bone as measured by nanoindentation. 2002;20(4):806-10.

13.  Inagawa H, Suzuki N, Aoki K, Wakabayashi N. Potential for estimation of Young's
modulus based on computed tomography numbers in bone: A validation study using a
nano-indentation test on murine maxilla. Dent Oral Craniofac Res. 2018.

14.  WuD, Isaksson P, Ferguson SJ, Persson C. Young's modulus of trabecular bone at
the tissue level: A review. Acta biomaterialia. 2018;78:1-12.

15.  Zukor LJ. Nature and properties of engineering materials. Z. D. Jastrzebski. Wiiey,
New York-London, 1959, xvii + 571 pp. $11.00. 1960;4(12):372-3.

16.  Nobakhti S, Shefelbine SJ. On the Relation of Bone Mineral Density and the
Elastic Modulus in Healthy and Pathologic Bone. Current Osteoporosis Reports.
2018;16(4):404-10.

17.  Oyen ML, Ferguson VL, Bembey AK, Bushby AJ, Boyde A. Composite bounds
on the elastic modulus of bone. Journal of biomechanics. 2008;41(11):2585-8.

18.  Doube M, Firth EC, Boyde A, Bushby AJ. Combined nanoindentation testing and
scanning electron microscopy of bone and articular calcified cartilage in an equine
fracture predilection site. European cells & materials. 2010;19:242-51.

19.  Sethi GK, Scott SM. Subclavian artery laceration due to migration of a Hagie pin.
Surgery. 1976;80(5):644-6.

20. Tiefenboeck TM, Popp D, Boesmueller S, Payr S, Joestl J, Komjati M, Binder H,
Schurz M, Ostermann RC. Acromioclavicular joint dislocation treated with Bosworth
screw and additional K-wiring: results after 7.8 years - still an adequate procedure? BMC
musculoskeletal disorders. 2017;18(1):339.

21.  Faraj AA, Ketzer B. The use of a hook-plate in the management of
acromioclavicular injuries. Report of ten cases. Acta orthopaedica Belgica.
2001;67(5):448-51.

22. Gumustas SA, Saglam F, Komur B, Batmaz AG, Yukunc I, Tosun HB, Bekler HI.
Surgical treatment of type III acromioclavicular dislocation: Bosworth technique versus
hook plating. Northern clinics of Istanbul. 2018;5(4):334-40.

23.  Lee SJ, Eom TW, Hyun YS. Complications and Frequency of Surgical Treatment
with AO-Type Hook Plate in Shoulder Trauma: A Retrospective Study. Journal of clinical
medicine. 2022;11(4).

59



DOI:10.14753/SE.2025.3311

24. Moatshe G, Kruckeberg BM, Chahla J, Godin JA, Cinque ME, Provencher MT,
LaPrade RF. Acromioclavicular and Coracoclavicular Ligament Reconstruction for
Acromioclavicular Joint Instability: A Systematic Review of Clinical and Radiographic
Outcomes. Arthroscopy : the journal of arthroscopic & related surgery : official
publication of the Arthroscopy Association of North America and the International
Arthroscopy Association. 2018;34(6):1979-95.¢8.

25. Verstift DE, Somford MP, van Deurzen DFP, van den Bekerom MPJ. Review of
Weaver and Dunn on treatment of acromioclavicular injuries, especially complete
acromioclavicular separation. Journal of ISAKOS. 2021;6(2):116-9.

26. Gupta R, Sood M, Malhotra A, Masih GD, Khanna T, Raghav M. Functional
Outcome of Modified Weaver Dunn Technique for Acromioclavicular Joint Dislocation.
Indian journal of orthopaedics. 2018;52(4):418-22.

27. Narang A, Abdelwahab A, Raj N, Cottam H, Tolat A, Singh B. Acromioclavicular
joint Stabilization: Our experience with the lockdown technique. Journal of Orthopaedics.
2023;44:53-6.

28. Malahias M-A, Sarlikiotis T, Brilakis E, Gerogiannis D, Avramidis G,
Antonogiannakis E. The clinical outcome of the ‘Surgilig’ technique for the
reconstruction of acromioclavicular dislocations: A systematic review. Journal of
Orthopaedics. 2020;18:126-31.

29. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD,
Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, Chou R, Glanville J, Grimshaw JM,
Hrobjartsson A, Lalu MM, Li T, Loder EW, Mayo-Wilson E, McDonald S, McGuinness
LA, Stewart LA, Thomas J, Tricco AC, Welch VA, Whiting P, Moher D. The PRISMA
2020 statement: an updated guideline for reporting systematic reviews. BMJ (Clinical
research ed). 2021;372:n71.

30. Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M, Welch V. Cochrane
Handbook for Systematic Reviews of Interventions. Cochrane Handbook for Systematic
Reviews of Interventions. 2019.

31. Agha RA, Sohrabi C, Mathew G, Franchi T, Kerwan A, O'Neill N. The PROCESS
2020 Guideline: Updating Consensus Preferred Reporting Of CasESeries in Surgery
(PROCESS) Guidelines. International journal of surgery (London, England).
2020;84:231-5.

60



DOI:10.14753/SE.2025.3311

32. Szabo E, Rimnac C. Biomechanics of immature human cortical bone: A
systematic review. Journal of the Mechanical Behavior of Biomedical Materials.
2022;125:104889.

33. Gagnier JJ, Kienle G, Altman DG, Moher D, Sox H, Riley D. The CARE
Guidelines: Consensus-based Clinical Case Reporting Guideline Development. Global
advances in health and medicine. 2013;2(5):38-43.

34, Hothorn T, Bithlmann P, Dudoit S, Molinaro A, van der Laan MJ. Survival
ensembles. Biostatistics (Oxford, England). 2006;7(3):355-73.

35. Strobl C, Boulesteix A-L, Zeileis A, Hothorn T. Bias in random forest variable
importance measures: Illustrations, sources and a solution. BMC Bioinformatics.
2007;8(1):25.

36. Strobl C, Boulesteix A-L, Kneib T, Augustin T, Zeileis A. Conditional variable
importance for random forests. BMC Bioinformatics. 2008;9(1):307.

37.  Altman DG, Bland JM. Measurement in Medicine: The Analysis of Method
Comparison Studies. Journal of the Royal Statistical Society Series D (The Statistician).
1983;32(3):307-17.

38.  Csordas K, Lautner-Csorba O, Semsei AF, Harnos A, Hegyi M, Erdelyi DJ, Eipel
OT, Szalai C, Kovacs GT. Associations of novel genetic variations in the folate-related
and ARIDSB genes with the pharmacokinetics and toxicity of high-dose methotrexate in
paediatric acute lymphoblastic leukaemia. 2014;166(3):410-20.

39. Lindborg CM, Smith RD, Reihl AM, Bacevich BM, Cote M, O'Donnell E,
Mazzocca AD, Hutchinson I. Current Concepts in Management of Acromioclavicular
Joint Injury. Journal of clinical medicine. 2024;13(5).

40. Jeon IH, Dewnany G, Hartley R, Neumann L, Wallace WA. Chronic
acromioclavicular separation: the medium term results of coracoclavicular ligament
reconstruction using braided polyester prosthetic ligament. Injury. 2007;38(11):1247-53.
41. Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins JP, Thomas J.
Updated guidance for trusted systematic reviews: a new edition of the Cochrane
Handbook for Systematic Reviews of Interventions. The Cochrane database of systematic

reviews. 2019;10(10):Ed000142.

61



DOI:10.14753/SE.2025.3311

42, Munn Z, Barker TH, Moola S, Tufanaru C, Stern C, McArthur A, Stephenson M,
Aromataris E. Methodological quality of case series studies: an introduction to the JBI
critical appraisal tool. JBI evidence synthesis. 2020;18(10):2127-33.

43, Cochrane CBMG. Robins-I V2 tool, https://www.riskofbias.info/welcome/robins-
i-v2. 2024.

44, Anglin C, Tolhurst P, Wyss UP, Pichora DR. Glenoid cancellous bone strength and
modulus. Journal of biomechanics. 1999;32(10):1091-7.

45.  Ashman RB, Jae Young R. Elastic modulus of trabecular bone material. Journal
of biomechanics. 1988;21(3):177-81.

46.  Banse X, Delloye C, Cornu O, Bourgois R. Comparative left-right mechanical
testing of cancellous bone from normal femoral heads. Journal of biomechanics.
1996;29(10):1247-53.

47.  Bargren JH, Bassett CAL, Gjelsvik A. Mechanical properties of hydrated cortical
bone. Journal of biomechanics. 1974;7(3):239-45.

48. Bensamoun S, Ho Ba Tho M-C, Luu S, Gherbezza J-M, de Belleval J-F. Spatial
distribution of acoustic and elastic properties of human femoral cortical bone. Journal of
biomechanics. 2004;37(4):503-10.

49. Bensamoun S, Fan Z, Brice I, Rho JY, Tho M-CHB. ASSESSMENT OF
MECHANICAL PROPERTIES OF HUMAN OSTEON LAMELLAE EXHIBITING
VARIOUS DEGREES OF MINERALIZATION BY NANOINDENTATION.
2008;11(03):135-43.

50. Berteau J-P, Baron C, Pithioux M, Launay F, Chabrand P, Lasaygues P. In vitro
ultrasonic and mechanic characterization of the modulus of elasticity of children cortical
bone. Ultrasonics. 2014;54(5):1270-6.

51. Bini F, Marinozzi A, Marinozzi F, Patan¢ F. Microtensile measurements of single
trabeculae stiffness in human femur. Journal of biomechanics. 2002;35(11):1515-9.

52.  Birnbaum K, Sindelar R, Gaertner JR, Wirtz DC. Material properties of trabecular
bone structures. Surgical and radiologic anatomy : SRA. 2001;23(6):399-407.

53. Bry R, Bennani B, Delille R, Morvan H, Hault-Dubrulle A, Fontaine C.
Mechanical characterisation under cycling loading of humerus cortical bone. Computer

Methods in Biomechanics and Biomedical Engineering. 2012;15(sup1):274-6.

62


https://www.riskofbias.info/welcome/robins-i-v2
https://www.riskofbias.info/welcome/robins-i-v2

DOI:10.14753/SE.2025.3311

54.  Carretta R, Stiissi E, Miiller R, Lorenzetti S. Within subject heterogeneity in
tissue-level post-yield mechanical and material properties in human trabecular bone.
Journal of the Mechanical Behavior of Biomedical Materials. 2013;24:64-73.

55. Cuppone M, Seedhom BB, Berry E, Ostell AE. The Longitudinal Young’s
Modulus of Cortical Bone in the Midshaft of Human Femur and its Correlation with CT
Scanning Data. Calcified Tissue International. 2004;74(3):302-9.

56. Dall'Ara E, Karl C, Mazza G, Franzoso G, Vena P, Pretterklieber M, Pahr D,
Zysset P. Tissue properties of the human vertebral body sub-structures evaluated by
means of microindentation. Journal of the Mechanical Behavior of Biomedical Materials.
2013;25:23-32.

57.  Neil Dong X, Edward Guo X. The dependence of transversely isotropic elasticity
of human femoral cortical bone on porosity. Journal of biomechanics. 2004;37(8):1281-
7.

58. Ducheyne P, Heymans L, Martens M, Aernoudt E, de Meester P, Mulier JC. The
mechanical behaviour of intracondylar cancellous bone of the femur at different loading
rates. Journal of biomechanics. 1977;10(11):747-62.

59.  Dunham CE, Takaki SE, Johnson JA, Dunning CE. Mechanical properties of
cancellous bone of the distal humerus. Clinical Biomechanics. 2005;20(8):834-8.

60.  Evans FG. Mechanical properties and histology of cortical bone from younger and
older men. The Anatomical Record. 1976;185(1):1-11.

61. Fan Z, Rho J-Y. Effects of viscoelasticity and time-dependent plasticity on
nanoindentation measurements of human cortical bone. Journal of Biomedical Materials
Research Part A. 2003;67A(1):208-14.

62. Fan Z, Swadener JG, Rho JY, Roy ME, Pharr GM. Anisotropic properties of
human tibial cortical bone as measured by nanoindentation. Journal of Orthopaedic
Research. 2002;20(4):806-10.

63.  Franzoso G, Zysset PK. Elastic anisotropy of human cortical bone secondary
osteons measured by nanoindentation. Journal of biomechanical engineering.
2009;131(2):021001.

64. Guérard S, Chevalier Y, Moreschi H, Defontaine M, Callé S, Mitton D. Young's

modulus repeatability assessment using cycling compression loading on cancellous bone.

63



DOI:10.14753/SE.2025.3311

Proceedings of the Institution of Mechanical Engineers Part H, Journal of engineering in
medicine. 2011;225(11):1113-7.

65.  Hengsberger S, Kulik A, Zysset P. A combined atomic force microscopy and
nanoindentation technique to investigate the elastic properties of bone structural units.
European cells & materials. 2001;1:12-7.

66. Jensen NC, Hvid I, Krener K. Strength pattern of cancellous bone at the ankle
joint. Engineering in medicine. 1988;17(2):71-6.

67.  Katsamanis F, Raftopoulos DD. Determination of mechanical properties of human
femoral cortical bone by the Hopkinson bar stress technique. Journal of biomechanics.
1990;23(11):1173-84.

68.  Keller TS, Mao Z, Spengler DM. Young's modulus, bending strength, and tissue
physical properties of human compact bone. Journal of Orthopaedic Research.
1990;8(4):592-603.

69. Korsa R, Lukes J, Sepitka J, Mares T. Elastic Properties of Human Osteon and
Osteonal Lamella Computed by a Bidirectional Micromechanical Model and Validated
by Nanoindentation. Journal of biomechanical engineering. 2015;137(8):081002.

70. Kuhn JL, Goldstein SA, Choi R, London M, Feldkamp LA, Matthews LS.
Comparison of the trabecular and cortical tissue moduli from human iliac crests. Journal
of Orthopaedic Research. 1989;7(6):876-84.

71. Mansat P, Barea C, Hobatho M-C, Darmana R, Mansat M. Anatomic variation of
the mechanical properties of the glenoid. Journal of Shoulder and Elbow Surgery.
1998;7(2):109-15.

72. Martens M, Van Audekercke R, Delport P, De Meester P, Mulier JC. The
mechanical characteristics of cancellous bone at the upper femoral region. Journal of
biomechanics. 1983;16(12):971-83.

73. Moreschi H, Callé S, Guerard S, Mitton D, Renaud G, Defontaine M. Monitoring
Trabecular Bone Microdamage Using a Dynamic Acousto-Elastic Testing Method.
Proceedings of the Institution of Mechanical Engineers, Part H: Journal of Engineering
in Medicine. 2010;225(3):282-95.

74.  Nomura T, Katz JL, Powers MP, Saito C. A micromechanical elastic property
study of trabecular bone in the human mandible. Journal of Materials Science: Materials

in Medicine. 2007;18(4):629-33.

64



DOI:10.14753/SE.2025.3311

75.  Odgaard A, Hvid I, Linde F. Compressive axial strain distributions in cancellous
bone specimens. Journal of biomechanics. 1989;22(8):829-35.

76.  Odgaard A, Linde F. The underestimation of Young's modulus in compressive
testing of cancellous bone specimens. Journal of biomechanics. 1991;24(8):691-8.

77. Pattijn V, Van Cleynenbreugel T, Sloten JV, Van Audekercke R, Van der Perre G,
Wevers M. Structural and Radiological Parameters for the Nondestructive
Characterization of Trabecular Bone. Annals of Biomedical Engineering.
2001;29(12):1064-73.

78.  Pattin CA, Caler WE, Carter DR. Cyclic mechanical property degradation during
fatigue loading of cortical bone. Journal of biomechanics. 1996;29(1):69-79.

79. Reilly DT, Burstein AH, Frankel VH. The elastic modulus for bone. Journal of
biomechanics. 1974;7(3):271-5.

80.  Reilly DT, Burstein AH. The elastic and ultimate properties of compact bone
tissue. Journal of biomechanics. 1975;8(6):393-405.

81. Reisinger AG, Frank M, Thurner PJ, Pahr DH. A two-layer elasto-visco-plastic
rheological model for the material parameter identification of bone tissue. Biomechanics
and Modeling in Mechanobiology. 2020;19(6):2149-62.

82. Rho JY, Zioupos P, Currey JD, Pharr GM. Microstructural elasticity and regional
heterogeneity in human femoral bone of various ages examined by nano-indentation.
Journal of biomechanics. 2002;35(2):189-98.

83. Rho JY, Ashman RB, Turner CH. Young's modulus of trabecular and cortical bone
material: Ultrasonic and microtensile measurements. Journal of biomechanics.
1993;26(2):111-9.

84.  Rho J-Y, Tsui TY, Pharr GM. Elastic properties of human cortical and trabecular
lamellar bone measured by nanoindentation. Biomaterials. 1997;18(20):1325-30.

85. Rho JY, Zioupos P, Currey JD, Pharr GM. Variations in the individual thick
lamellar properties within osteons by nanoindentation. Bone. 1999;25(3):295-300.

86.  Sedlin ED, Hirsch C. Factors Affecting the Determination of the Physical
Properties of Femoral Cortical Bone. Acta Orthopaedica Scandinavica. 1966;37(1):29-
48.

65



DOI:10.14753/SE.2025.3311

87. Stern LC, Brinkman JG, Furmanski J, Rimnac CM, Hernandez CJ. Near-terminal
creep damage does not substantially influence fatigue life under physiological loading.
Journal of biomechanics. 2011;44(10):1995-8.

88. Subit D, Dios E, Velazquez-Ameijide J, Arregui-Dalmases C, Crandall J. Tensile
material properties of human rib cortical bone under quasi-static and dynamic failure
loading and influence of the bone microstucture on failure characteristics. 2011.

89.  Winwood K, Zioupos P, Currey JD, Cotton JR, Taylor M. Strain patterns during
tensile, compressive, and shear fatigue of human cortical bone and implications for bone
biomechanics. Journal of Biomedical Materials Research Part A. 2006;79A(2):289-97.
90. Zysset P, Guo XE, Hoffler C, Moore K, Goldstein S. Mechanical properties of
human trabecular bone lamellae quantified by nanoindentation. Technology and health
care : official journal of the European Society for Engineering and Medicine. 1999;6:429-
32.

91. Choi K, Kuhn JL, Ciarelli MJ, Goldstein SA. The elastic moduli of human
subchondral, trabecular, and cortical bone tissue and the size-dependency of cortical bone
modulus. Journal of biomechanics. 1990;23(11):1103-13.

92. Xu S, Chen JY, Lie HME, Hao Y, Lie DTT. Minimal Clinically Important
Difference of Oxford, Constant, and UCLA shoulder score for arthroscopic rotator cuff
repair. J Orthop. 2020;19:21-7.

93.  Dabija DI, Jain NB. Minimal Clinically Important Difference of Shoulder
Outcome Measures and Diagnoses: A Systematic Review. American journal of physical
medicine & rehabilitation. 2019;98(8):671-6.

94, Franchignoni F, Vercelli S, Giordano A, Sartorio F, Bravini E, Ferriero G. Minimal
clinically important difference of the disabilities of the arm, shoulder and hand outcome
measure (DASH) and its shortened version (QuickDASH). The Journal of orthopaedic
and sports physical therapy. 2014;44(1):30-9.

95. Tashjian RZ, Shin J, Broschinsky K, Yeh CC, Martin B, Chalmers PN, Greis PE,
Burks RT, Zhang Y. Minimal clinically important differences in the American Shoulder
and Elbow Surgeons, Simple Shoulder Test, and visual analog scale pain scores after

arthroscopic rotator cuff repair. J Shoulder Elbow Surg. 2020;29(7):1406-11.

66



DOI:10.14753/SE.2025.3311

96.  Dearden PMC, Ferran NA, Morris EW. Distal clavicle osteolysis following
fixation with a synthetic ligament. INTERNATIONAL JOURNAL OF SHOULDER
SURGERY. 2011;5(4):101-4.

97.  Bhattacharya R, Goodchild L, Rangan A. Acromioclavicular joint reconstruction
using the Nottingham Surgilig: a preliminary report. Acta orthopaedica Belgica.
2008;74(2):167-72.

98. cetinkaya E, Giil M, Ozcafer R, Yavuz U, Lapgin O, Ozkan B, Kabukcuoglu Y.
Treatment of acromioclavicular joint dislocations by using synthetic polyester ligament.
Bakirkoy Tip Dergisi / Medical Journal of Bakirkoy. 2018;14:183-9.

99.  Platts CT, Chatterjee AD, Tambe AA. An uncommon complication following
synthetic ligament reconstruction of the acromioclavicular joint. Int J Shoulder Surg.
2013;7(3):124-5.

100. Sarda P, Richards AM, Corbett SA. Bone Osteolysis Following Acromioclavicular
Joint Reconstruction Using Synthetic Ligament (Surgilig™). Shoulder & elbow.
2014;6(1):40-3.

101.  Walters JD, Ignozzi A, Bustos F, Werner BC, Brockmeier SF. Better Radiographic
Reduction and Lower Complication Rates With Combined Coracoclavicular and
Acromioclavicular Ligament Reconstruction Than With Isolated Coracoclavicular
Reconstruction. Arthroscopy, sports medicine, and rehabilitation. 2021;3(2):e441-e8.
102.  Younis F, Ajwani S, Bibi A, Riley E, Hughes PJ. Operative Versus Non-operative
Treatment of Grade III Acromioclavicular Joint Dislocations and the Use of SurgiLig: a
Retrospective Review. Ortopedia, traumatologia, rehabilitacja. 2017;19(6):523-30.

103. Kumar V, Garg S, Elzein I, Lawrence T, Manning P, Wallace WA. Modified
Weaver-Dunn procedure versus the use of a synthetic ligament for acromioclavicular joint
reconstruction. Journal of orthopaedic surgery (Hong Kong). 2014;22(2):199-203.

104. Saraglis G, Chaudhari H, Sanjani SR, Khan A. Early loss of radiographic
reduction after acute acromioclavicular joint reconstruction: Comparison of open Double
Endobutton fixation vs. Nottingham Surgilig. Sicot-j. 2022;8:46.

105. Wood TA, Rosell PA, Clasper JC. Preliminary results of the 'Surgilig' synthetic
ligament in the management of chronic acromioclavicular joint disruption. Journal of the

Royal Army Medical Corps. 2009;155(3):191-3.

67



DOI:10.14753/SE.2025.3311

106.  Wright J, Osarumwense D, Ismail F, Umebuani Y, Orakwe S. Stabilisation for the
disrupted acromioclavicular joint using a braided polyester prosthetic ligament. Journal
of Orthopaedic Surgery. 2015;23(2):223-8.

107. Wear KA, Nagaraja S, Dreher ML, Sadoughi S, Zhu S, Keaveny TM.
Relationships among ultrasonic and mechanical properties of cancellous bone in human
calcaneus in vitro. Bone. 2017;103:93-101.

108. Kuhn F, Clausing RJ, Stiller A, Fonseca Ulloa CA, Foelsch C, Rickert M, Jahnke
A. Determination of E-modulus of cancellous bone derived from human humeri and
validation of plotted single trabeculae: Development of a standardized humerus bone
model. J Orthop. 2022;33:48-54.

109. CongA, Buijs JO, Dragomir-Daescu D. In situ parameter identification of optimal
density-elastic modulus relationships in subject-specific finite element models of the
proximal femur. Medical engineering & physics. 2011;33(2):164-73.

110.  Apostolopoulos V, Tomas T, Boha¢ P, Marcian P, Mahdal M, Valousek T, Janicek
P, Nachtnebl L. Biomechanical analysis of all-polyethylene total knee arthroplasty on
periprosthetic tibia using the finite element method. Computer methods and programs in
biomedicine. 2022;220:106834.

111. Samiezadeh S, Bougherara H, Abolghasemian M, D'Lima D, Backstein D.
Rotating hinge knee causes lower bone-implant interface stress compared to constrained
condylar knee replacement. Knee Surg Sports Traumatol Arthrosc. 2019;27(4):1224-31.

112.  Viceconti M, Qasim M, Bhattacharya P, Li X. Are CT-Based Finite Element
Model Predictions of Femoral Bone Strength Clinically Useful? Curr Osteoporos Rep.
2018;16(3):216-23.

113. Taddei F, Schileo E, Helgason B, Cristofolini L, Viceconti M. The material
mapping strategy influences the accuracy of CT-based finite element models of bones: an
evaluation against experimental measurements. Medical engineering & physics.
2007;29(9):973-9.

114. Trabelsi N, Yosibash Z. Patient-specific finite-element analyses of the proximal
femur with orthotropic material properties validated by experiments. Journal of

biomechanical engineering. 2011;133(6):061001.

68



DOI:10.14753/SE.2025.3311

115. Kocsis G, McCulloch T, Thyagarajan D, Wallace WA. The biological response to
a failed extra-articular polyester ligament used for AC Joint reconstruction at the shoulder
girdle - A Retrieval Analysis of five cases. Bone and Joint Journal. 2015;97-B:83-8.

116. Kukkonen J, Kauko T, Vahlberg T, Joukainen A, Adrimaa V. Investigating minimal
clinically important difference for Constant score in patients undergoing rotator cuff
surgery. J Shoulder Elbow Surg. 2013;22(12):1650-5.

117. Sircana G, Saccomanno MF, Mocini F, Campana V, Messinese P, Monteleone A,
Salvi A, Scaini A, Megaro A, Milano G. Anatomic reconstruction of the
acromioclavicular joint provides the best functional outcomes in the treatment of chronic
instability. Knee surgery, sports traumatology, arthroscopy : official journal of the
ESSKA. 2021;29(7):2237-48.

118. Borbas P, Churchill J, Ek ET. Surgical management of chronic high-grade
acromioclavicular joint dislocations: a systematic review. Journal of Shoulder and Elbow
Surgery. 2019;28(10):2031-8.

119. Lee KL, Baldassarri M, Gupta N, Pinisetty D, Janal MN, Tovar N, Coelho PG.
Nanomechanical Characterization of Canine Femur Bone for Strain Rate Sensitivity in
the Quasistatic Range under Dry versus Wet Conditions. International journal of
biomaterials. 2012;2012:415230.

120. Hoftler CE, Guo XE, Zysset PK, Goldstein SA. An application of nanoindentation
technique to measure bone tissue Lamellae properties. Journal of biomechanical
engineering. 2005;127(7):1046-53.

121.  Nyman JS, Roy A, Shen X, Acuna RL, Tyler JH, Wang X. The influence of water
removal on the strength and toughness of cortical bone. Journal of biomechanics.
2006;39(5):931-8.

122.  Vale AC, Aleixo IP, Lucio M, Saraiva A, Caetano-Lopes J, Rodrigues A, Amaral
PM, Rosa LG, Monteiro J, Fonseca JE, Vaz MF, Canhao H. At the moment of occurrence
of a fragility hip fracture, men have higher mechanical properties values in comparison
with women. BMC musculoskeletal disorders. 2013;14:295.

123. Ding M, Dalstra M, Danielsen CC, Kabel J, Hvid I, Linde F. Age variations in the
properties of human tibial trabecular bone. The Journal of bone and joint surgery British

volume. 1997;79(6):995-1002.

69



DOI:10.14753/SE.2025.3311

124.  Wang X, Puram S. The toughness of cortical bone and its relationship with age.
Ann Biomed Eng. 2004;32(1):123-35.

125. Berthold DP, Muench LN, Beitzel K, Archambault S, Jerliu A, Cote MP,
Scheiderer B, Imhoff AB, Arciero RA, Mazzocca AD. Minimum 10-Year Outcomes After
Revision Anatomic Coracoclavicular Ligament Reconstruction for Acromioclavicular
Joint Instability. Orthopaedic journal of sports medicine. 2020;8(9):2325967120947033.
126. Gowd AK, Liu JN, Cabarcas BC, Cvetanovich GL, Garcia GH, Manderle BJ,
Verma NN. Current Concepts in the Operative Management of Acromioclavicular
Dislocations: A Systematic Review and Meta-analysis of Operative Techniques. The
American journal of sports medicine. 2019;47(11):2745-58.

127. Ma R, Smith PA, Smith MJ, Sherman SL, Flood D, Li X. Managing and
recognizing complications after treatment of acromioclavicular joint repair or
reconstruction. Current reviews in musculoskeletal medicine. 2015;8(1):75-82.

128. Martetschlager F, Horan MP, Warth RJ, Millett PJ. Complications after anatomic
fixation and reconstruction of the coracoclavicular ligaments. The American journal of
sports medicine. 2013;41(12):2896-903.

129. Sinagra ZP, Kop A, Pabbruwe M, Parry J, Clark G. Foreign Body Reaction
Associated With Artificial LARS Ligaments: A Retrieval Study. Orthopaedic journal of
sports medicine. 2018;6(12):2325967118811604.

130. Bostrom Windhamre H, von Heideken J, Une-Larsson V, Ekstrom W, Ekelund A.
No difference in clinical outcome at 2-year follow-up in patients with type III and V
acromioclavicular joint dislocation treated with hook plate or physiotherapy: a
randomized controlled trial. J Shoulder Elbow Surg. 2022;31(6):1122-36.

131.  Society TCOT. Multicenter Randomized Clinical Trial of Nonoperative Versus
Operative Treatment of Acute Acromio-Clavicular Joint Dislocation. 2015;29(11):479-
87.

132.  Murray IR, Robinson PG, Goudie EB, Duckworth AD, Clark K, Robinson CM.
Open Reduction and Tunneled Suspensory Device Fixation Compared with Nonoperative
Treatment for Type-III and Type-IV Acromioclavicular Joint Dislocations: The ACORN
Prospective, Randomized Controlled Trial. The Journal of bone and joint surgery

American volume. 2018;100(22):1912-8.

70



DOI:10.14753/SE.2025.3311

133.  Tauber M, Hoffelner T, Lehmann L, Kraus N, Scheibel M, Moroder P. Prospective
Multicenter Randomized Controlled Trial of Surgical Versus Nonsurgical Treatment for
Acute Rockwood Type 3 Acromioclavicular Injury. 2023;11(8):23259671231190411.
134. Hegyi P, Erdss B, Izbéki F, Parniczky A, Szentesi A. Accelerating the translational
medicine cycle: the Academia Europaea pilot. Nature medicine. 2021;27(8):1317-9.

135.  Hegyi P, Petersen OH, Holgate S, Eréss B, Garami A, Szakacs Z, Dobszai D,
Balaské M, Kemény L, Peng S, Monteiro J, Varré A, Lamont T, Laurence J, Gray Z,
Pickles A, FitzGerald GA, Griffiths CEM, Jassem J, Rusakov DA, Verkhratsky A,
Szentesi A. Academia Europaea Position Paper on Translational Medicine: The Cycle
Model for Translating Scientific Results into Community Benefits. Journal of clinical

medicine. 2020;9(5).

71



DOI:10.14753/SE.2025.3311

16. BIBLIOGRAPHY
I.  List of original publications within the topic of the PhD thesis:

1. Kovacs K, Vancsa S, Agécs G, Harnos A, Hegyi P, Weninger V, Baross K, Kovacs
B, Soo6s G, Kocsis G, Anisotropy, Anatomical Region, and Additional Variables
Influence Young's Modulus of Bone: A Systematic Review and Meta-Analysis,

JBMR PLUS 7: (12) Paper: 10835, 13 p. (2023)

Scopus - Endocrinology, Diabetes and Metabolism SJR indikator: Q1, Scopus -
Orthopedics and Sports Medicine SJR indikator: Q1, IF: 3,4

2. Kovaces Krisztian, Vancsa Szilard, Abonyi-T6th Zsolt, Hegyi Péter, Sods Gergely,
Rébai Kalman, Bogosi Tibor, Kocsis Gyorgy, Acromioclavicular Reconstruction
Using the Lockdown Technique: A Case Series and Systematic Review, JOURNAL
OF CLINICAL MEDICINE 14: (12) Paper: 4046, 16 p. (2025)

Scopus - Medicine (miscellaneous) SJR indikator: Q1 IF: 2,9

II.  List of original publications not relating to the topic of the PhD thesis:

3. Moghaddam MA, Perlaky T, Kovacs K, Kiss J, Szalay K, Antal I, Sapi Z, Szendr6i
M A lagyrészszarkoma epidemioldgidja egy hazai egyetemi centrumban

[Epidemiology of soft tissue sarcomas in a university center in Hungary] MAGYAR

ONKOLOGIA 61: 4 pp. 368-373. (2017)

Scopus - Medicine (miscellaneous) SJR indikator: Q4 ,Scopus - Oncology SJR indikator:
Q4

4. Kovacs Krisztian, Bartha Lajos, Antal Imre, Felsé ugroéiziilettel kommunikald
csontcysta sebészi kezelése stilyos A-haemophilids betegen [Surgical treatment of a
juxtaarticular bonecyst communicating with the ankle joint in a severe haemophilia A

case] ORVOSI HETILAP 160: (17) pp. 679-682. (2019)

Scopus - Medicine (miscellaneous) SJR indikator: Q3 IF: 0,497

72



5.

DOI:10.14753/SE.2025.3311

Stubnya Bence Gusztav, Kocsis Koppany, Vancsa Szilard, Kovacs Krisztian, Agocs
Gergely, Stubnya Marton Péter, Suskod Eszter, Hegyi Péter, Bejek Zoltdn Subvastus
approach supporting fast-track total knee arthroplasty over the medial parapatellar
approach: A systematic review and network metaanalysis JOURNAL OF
ARTHROPLASTY 38: (12) pp. 2750-2758. (2023)

Scopus - Orthopedics and Sports Medicine SJR indikétor: D1, IF: 3,4

6.

Skaliczki G, Kovaces K, Antal I, Sallai I, Kovacs B, Nybégér Z, Géresi A, Kiss B,
Varnagy A, Arthroscopic capsular release is more effective in pain relief than
conservative  treatment in  patients  with  frozen = shoulder = BMC

MUSCULOSKELETAL DISORDERS 25: (1) Paper: 145, 7 p. (2024)

Scopus - Orthopedics and Sports Medicine SJR indikator: Q2 Scopus - Rheumatology
SJR indikator: Q2 IF: 2,4

73



DOI:10.14753/SE.2025.3311

17. ACKNOWLEDGEMENTS

I would like to extend my heartfelt gratitude to everyone who supported me throughout

the course of this scientific endeavor.

First and foremost, | am deeply thankful to my wife for her patience and unwavering
support during the many nights and weekends dedicated to my PhD work. Her

understanding and encouragement were vital throughout this journey.

I am sincerely grateful to my supervisor, Gyorgy Kocsis, M.D., Ph.D., whose invaluable
mentorship and guidance made this research and dissertation possible. His consistent
professional and personal support from the outset has been a source of motivation and

strength.

My special thanks go to my methodology co-supervisor, Szilard Vancsa, M.D., Ph.D.,
whose deep expertise, sharp analytical mind, and steady guidance greatly shaped my
academic path and the success of this work. His example continues to inspire me both

professionally and personally.

I am profoundly thankful to Péter Hegyi, M.D., Ph.D., D.Sc., MAE, Director of the
Centre for Translational Medicine Ph.D. Program, for his indispensable support and
mentorship. He offered me the opportunity to join a vibrant and collaborative research
environment, where | gained practical insight into translational research and scientific
writing. His leadership and the methodological support of the Institute were crucial in
achieving rigorous, publishable research. | especially appreciate his influence beyond my
own work, as his teaching has guided my broader understanding of science.

| extend my deep appreciation to Gergely Agocs, Pharm.D., Ph.D., and Zsolt Abonyi-
Tath, whose biostatistical expertise, critical insight, and innovative thinking significantly
shaped the quality and direction of this dissertation. Their input has been vital both in the
analytical phase and as continuous collaborators throughout my research.

I would also like to thank my co-investigators, Gyorgy Széke, M.D., Ph.D., D.Sc., MAE,
and Gabor Skaliczki, M.D., Ph.D., for their essential collaboration, without which this

research would not have been possible.

74



DOI:10.14753/SE.2025.3311

Lastly, I express my deepest thanks to my supportive family and friends. Their flexibility,
patience, and encouragement provided the foundation that sustained me through this

challenging and rewarding journey.

75



