
Dicle Tıp Dergisi / Dicle Med J (2022) 49 (4) : 619-627 

Original Article / Özgün Araştırma 

The Effect of Low Magnitude High Frequency Vibration on Bone 
Healing by Clamp Method in Nonunion Tibial Fractures 

Ferhat Celik 1, Hakkı Murat Bilgin 2, Hasan Akkoc 3, Emin Ozkul 4, Mehmet Gem 5, 
Mehmet Sirac Ozerdem 6, Mesut Karıksız 7, Mustafa Erdem 8, Serhat Elci 9 
1 Diyarbakır Atatürk Vocational School of Health Services, University of Dicle, Diyarbakır, Turkey  

2 Department of Physiology, Faculty of Medicine, University of Dicle, Diyarbakır, Turkey 

3 Department of Pharmacology, Faculty of Medicine, University of Dicle, Diyarbakır, Turkey 

4 Department of Orthopaedics and Traumatology, Faculty of Medicine, University of Dicle, Diyarbakır, Turkey 

5 Department of Orthopaedics and Traumatology, Dicle Memorial Hospital, Diyarbakır, Turkey 

6 Department of Electrical and Electronics Engineering, Faculty of Engineering , University of Dicle, Diyarbakır, Turkey 

7 Department of Orthopaedics and Traumatology, Private Sultan Hospital, Diyarbakır, Turkey 

8 Department of Orthopaedics and Traumatology, Adıyaman University training and research hospital, Adıyaman, Turkey 

9 Department of Orthopaedics and Traumatology, Private Cihanpol Hospital, Mardin, Turkey 

Received: 06.10.2022; Revised: 04.12.2022; Accepted: 05.12.2022

Abstract 
Introduction: This study aimed to investigate the clinical effect of Low Magnitude High Frequency Vibration (LMHFV) on nonunion tibial 
fractures, noninvasively. 

Methods: The Experimental (n=5) and control (n=5) groups were age-matched and pooled based on the Nonunion Tibia Score System (NUSS) 
(p>0.05). LMHFV (0.35g, 50 Hz, 20 minutes x 4/day) was applied to the experimental group for three months by a mechanical stimulator that 
we developed using a ‘clamp method’. The control group was followed during three months without any application other than routine 
treatment. The results were evaluated using the Radiographic Union Score for Tibial Fractures (RUST) and American Orthopedics Foot and 
Ankle Score (AOFAS). No statistically significant difference was observed between the groups at the beginning and in the end of the 3- month 
application for RUST and AOFAS scores (p>0.05). 

Results: Pain and function assessment, at the beginning and end of the study, as a part of The AOFAS scorewere not statistically different 
(p>0.05) in the control group. However, increases in pain and function AOFAS scores were statistically significant in the experimental group 
at the end of the 3- month application (p<0.034 and p<0.043, respectively). 

Conclusion: In this study, LMHFV contributed to the pain and function parameters of AOFAS in the experimental group; however, there was 
no significant difference between the groups in terms of total RUST and AOFAS scores. 
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Nonunion Tibia Kırıklarında Kelepçe Metoduyla Uygulanan Düşük Frekans Yüksek 
Yoğunluklu Titreşimin Kemik İyileşmesine Etkisi 

Öz 
Amaç: Bu çalışmanın amacı, Düşük Yoğunluklu Yüksek Frekanslı Titreşimin (DYYFT) nonuniontibia kırıkları üzerindeki klinik etkisini 
noninvaziv olarak araştırmaktı. 

Yöntemler: Deney (n=5) ve kontrol (n=5) grupları yaş-uyumlu NonunionTibia Skor Sistemine (NUSS) göre oluşturuldu (p>0.05). Deney grubu 
için geliştirdiğimiz mekanik stimülatör 'Kelepçe Yöntemi' ile DYYFT (0.35g, 50 Hz, 20 dakika x 4/gün) üç ay süreyle uygulandı. Kontrol grubu 
rutin tedavi dışında herhangi bir uygulama yapılmadan üç ay boyunca takip edildi. Sonuçlar, Radyolojik Kaynama Skorlama Sistemi (RUST) ve 
Amerikan Ortopedi Ayak ve Ayak Bileği Skoru (AOFAS) kullanılarak değerlendirildi. 3 aylık uygulamanın başında ve sonunda RUST ve AOFAS 
skorları açısından gruplar arasında istatistiksel olarak anlamlı fark gözlenmedi (p>0.05). 

Bulgular: Çalışmanın başında ve sonunda AOFAS kapsamındaki ağrı ve fonksiyon skorları kontrol grubunda istatistiksel olarak anlamlı değildi 
(p>0.05). Ancak 3 aylık uygulama sonunda deney grubunda ağrı ve fonksiyon AOFAS skorlarındaki artış istatistiksel olarak anlamlıydı 
(sırasıyla p<0.034 ve p<0.043). 

Sonuç: Bu çalışmada DYYFT, deney grubunda AOFAS'ın ağrı ve fonksiyon parametrelerine katkıda bulunmuştur; ancak toplam RUST ve AOFAS 
puanları açısından gruplar arasında anlamlı fark yoktu.  

Anahtar kelimeler:tibial kırıklar, nonunion, AOFAS, RUST, Düşük Yoğunluk Yüksek Frekanslı Titreşim. 

INTRODUCTION 
Bone fractures threaten human health and the 
most commonly fractured long bone is the 
tibia1. Incidence rates of adult tibial fractures 
was shown to be 13.5 per 1000,000 in all 
population and only 10%–12% of that patients 
are nonunion2. Delayed union or non-union are 
occasionally observed in tibial shaft fractures 
and it may take more time for patients to 
recover completely; thus, needing further 
surgical procedures3. Determination of fracture 
healing involves both radiographic and clinical 
assessment. Various sources have given 
different periods for non-healing fractures as 
Gomez-Barrena et al. reported fractures that do 
not heal within 4 months following the bone 
fracture should be termed ‘delayed healing’. 
They noted that if bone healing is not observed 
with radiological evidence within 6 months, 
then it should be called nonunion4. 

The AOFAS (American Orthopedic Foot & Ankle 
Society) Ankle-Hindfoot Scale total score, pain 
andfunctionsubscores has been used as an 
evaluation method on patients who have 
undergone foot and ankle surgery5,6. This score 
contains subjective and objective 
components.The validity, reliability, and 

responsiveness of this system have been 
reported in other studies6,7. 

Non-union can only be diagnosed on the basis of 
the absence of specific changes such as callus 
formation, radiologically. RUST scoring 
contains the assessment of cortical bridging and 
score the callus formation quantitatively that is 
important in the progression of nonunion cases 
in a standardized manner on conventional 
radiographs8,9. 

Osteoblastic lineage bone cells are known to 
sense and respond to mechanical stimuli. So, 
non-invasive techniques are being investigated 
for the healing process of bone fractures as 
different vibration applications can be applied 
to bone tissue. Therefore, mechanical stimuli 
such as Low Magnitude High Frequency 
Vibration (LMHFV) may affect bone 
metabolism. Previous reports have shown that 
bone demonstrates mechano-sensitivity to 
LMHFV10,11,12. LMHFV has a frequency greater 
than 20 Hz and less than 90 Hz as well as an 
amplitude (g) less than 0.52 g, taking into 
account the safety parameters12 for human 
health specified by the World Health 
Organization13. 
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There have been numerous animal and human 
studies focusing on LHMFV and its impact on 
bone tissue10,14,15. In different studies, a positive 
effect on bone mineral density was observed in 
women who underwent LMHFV10,16. 

As it can be seen above, few clinical studies in 
the literature focusing on the impact of LMHFV 
on fracture healing. The aim of this study was to 
investigate the clinical effect of locally applied 
LMHFV on nonunion tibial fractures. 

METHODS 

Approval was obtained from İnönü University 
Malatya Clinical Research Ethics Committee 
(2018/182) and Ministry of Health Medical 
Devices Institution (2018/182). Due to the low 
incidence of nonunion tibia fractures in the 
community, the study was conducted in 5 
different centers: Dicle University Faculty of 
Medicine Orthopedics and Traumatology 
Department; TR Ministry of Health Mardin State 
Hospital; Adıyaman Training and Research 
Hospital/Orthopedics Clinic; SBU Diyarbakır 
Regional Training and Research 
Hospital/Orthopedics and Traumatology Clinic; 
and Harran University Faculty of 
Medicine/Department of Orthopedics and 
Traumatology. 

A total of 10 volunteers participated in the 
study. Volunteers included in the study were 
male (9) and female (1) subjects between the 
ages of 18-45 years old with nonunion tibial 
shaft fractures. The volunteers were divided 
into two groups: an experimental group (n = 5) 
and a control group (n = 5). The study gained the 
patients' informed consent. 

Inclusion criteria were previous history of an 
intramedullary nail or plate applied to the tibia 
and a score of 10 or less on the RUST 
(Radiographic Union Scale in Tibial Fractures) 
scale. Volunteers were patients with  

radiological follow-up up to 6-9 months for the 
shaft (diaphyseal) fractures and with 
radiological findings accompanied by clinical 
symptoms. During this period, radiologically 
poor callus tissue formed patients were 
diagnosed as nonunion. 

Exclusion criteria included those with systemic 
diseases, renal failure, rheumatoid arthritis, 
connective tissue diseases, post-traumatic 
arthritis, a history of knee replacement surgery, 
and plegic and non-ambulatory patients were 
not included in the study. 

Experimental and control groups were pooled 
based on the Nonunion Tibia Score System 
(NUSS). LMHFV was given to the volunteers in 
the experimental group at dosages stated 
below, and the control group members were 
selected from the volunteers who did not want 
to use the device or who had images such as CT 
and X-Ray in the system for three months 
without any treatment. 

Vibrations were conducted by a mechanical 
stimulator (0.35 g–50 Hz) in the LMHFV group 
using a “clamp method” that we developed. A 
mechanical stimulator circuit suitable for 
LMHFV was arranged for the vibration 
application. In the circuit, a battery with 1.55V 
width (Sony,Tokyo, Japan) and a motor (10mm 
Vibration Motor-3mm Type Model:310–003, 
Precision Microdrives, London, UK) generating 
50 Hz vibration were used for the stimulation.  

The device was placed at a distance of 3-5 cm 
from the nonunion site following patient 
training (Figure 1). Volunteers were asked to 
practice four sessions a day, 20 minutes in each 
session. The volunteers were contacted at each 
stage of the device application, and the 
volunteers were called for regular controls to 
confirm the information about the usage of the 
device. 



Celik F., Bilgin H.M., Akkoc H., et al. 

622 

Figure 1. Application of the LMHFV device using the 
'Clamp Method' on the patients 

In order to have the statistical data of the 
volunteers, The Non-Union Scoring System 
(NUSS)17 scale, which has recently received 
positive results in international validity and 
reliability studies, was used18. 

We assessed the objective results using the 
AOFAS Ankle-Hindfoot score developed by the 
American Orthopedic Foot & Ankle Society 
(AOFAS). This test is among the most frequently 
used tests by clinicians for the below-knee body 
region19. The AOFAS Ankle-Hindfoot Scale aims 
to measure pain, function and smoothness 
scores with various observations and questions 
as individually or combined.  

Radiographic Union Scale for Tibial (RUST) 
Fractures is based on the assessment of each 
cortex individually in accordance with the 
definition of nonunion. The RUST score is 
determined by the presence of callus without 
visible fracture line (3 points), presence of 
callus with visible fracture line (2 points) or 
absence of any callus (1 point) on each of 
cortices on anteroposterior (A-P) and lateral 
radiographs. Images were presented in random 

order and surgeons were blinded as to outcome 
and time of radiograph9. 

This score, which ranges from 3 to 12, was used 
for the interpretation of CT and Radiological 
images. A common consensus was sought in the 
radiographs interpreted by four senior 
orthopaedic trauma surgeons and the scoring 
was given accordingly. 

The numerical data obtained in the study were 
expressed as arithmetic mean±standard 
deviation. The SPSS program was used to 
compare the data. A Mann-Whitney U test was 
used to compare independent groups, while the 
Wilcoxon test was used to compare before and 
after data. A p-value of less than 0.05 was 
considered statistically significant. 

RESULTS 

The data of the control and experimental groups 
are shown in Table 1. When the mean ages of the 
volunteers in the control and experimental 
groups participating in the study were 
compared, no significant difference was found 
between the data (p>0.05, Table 1). There was 
no significant difference between the groups in 
terms of AOFAS and RUST score (p>0.05, Table 
1, Figure 2 and Figure 3). When pain and 
function scores from AOFAS were compared, no 
statistically significant difference between the 
control and experimental groups for previous 
pain, previous function, or later function values 
(p>0.05, Table 1). In terms of pain score 
obtained 3 months following the device use, the 
score in the experimental group was found to be 
significantly higher than the score in the control 
group (p=0.041, Table 1). In terms of NUSS, no 
statistically significant difference was found 
between the experimental and control groups 
(p>0.05, Table 1). 
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Table I: Comparison of the data of the control and 
experimental groups. 

Control 
(n=5) 

Mean±SD 

Experiment 
(n=5) 

Mean±SD 

P-
value 

Age 27.8±4.3 33.8±6.7 0.142 

RUST (Before) 5.4±1.9 5.0±1.73 0.906 

RUST (After) 6.0±2.0 6.4±1.5 0.663 

AOFAS Total (Before) 38.8±21.5 49.4±22.0 0.347 

AOFAS Total (After) 49.8±29.7 67.4±18.5 0.251 

AOFAS Pain (Before) 4.0±3.9 1.0±0.0 0.317 

AOFAS Pain (After) 10.0±9.1 28.0±4.47 0.041* 

AOFAS Function 
(Before) 

28.4±13.2 27.0±18.0 0.917 

AOFAS Function (After) 33.4±14.8 40.0±10.2 0.295 

NUSS 16.8±7.1 16.0±6.8 0.600 
Abbreviation; RUST: Radiographic Union Score for Tibial Fractures, 
AOFAS: Ankle-Hindfoot Scale, NUSS: Non-Union Scoring System 

* p < 0.05

Figure 2a. Immediate post-operative radiography of the 
control patient 

Figure 2b. 12th week radiography of the control patient 

Figure 3a. Immediate post-operative radiography of the 
experimental patient 
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Figure 3b. 12th week radiography of the experimental 
patient 

The RUST, AOFAS, pain, and function before and 
after score values of the subjects in the control 
and experimental groups at the time of 
enrollment and three months after enrollment 
are presented in Table 2. In terms of RUST and 
AOFAS values, the results revealed no 
statistically significant difference between the 
before scores and after scores of both control 
and experimental groups (p>0.05, Table 2). 
When the pain and function scores from AOFAS 
were evaluated separately, there was no 
statistically significant difference between the 
before scores and after scores in the control 
group (p>0.05, Table 2). It was observed that 
the pain and function scores from AOFAS in the 
experimental group at three months after 

enrollment increased significantly compared to 
the before scores which were taken at the time 
of enrollment (p<0.034 and p<0.043, 
respectively, Table 2).  
Table II: Evaluation of the scores obtained at the 
beginning and end of the period determined for the study 
by the Wilcoxon test of the Control and Experimental 
groups.  

Before After P-value 

RUST 
Control 5.4±1.9 6.0±2.0 0.180 

Experiment 5.0±1.73 6.4±1.5 0.066 

AOFAS Total 
Control 38.8±21.5 49.8±29.7 0.317 

Experiment 49.4±22.0 67.4±18.5 0.279 

AOFAS Pain 
Control 4.0±3.9 10.0±9.1 0.317 

Experiment 1.0±0.0 28.0±4.47 0.034* 

AOFAS 
Function 

Control 28.4±13.2 33.4±14.8 0.317 

Experiment 27.0±18.0 40.0±10.2 0.043* 

Abbreviation; RUST: Radiographic Union Score for Tibial Fractures, 
AOFAS: Ankle-HindfootScale.* p < 0.05 

DISCUSSION 

Non-invasive methods have been made to 
develop for the healing process along with the 
surgical treatment that is based on mechanical 
vibrations and allows early treatment in the 
repair process. 

In our study, we have observed the positive 
impact of LMHFV application on pain and 
function parameters in tibia nonunion fractures 
of patients. There have been studies examining 
the effects of LMHFV at the cellular and 
molecular level. Lau et al. investigated the 
effects of LMHFV in MLO-Y4 cell lines with 
osteoblast-like morphology. They determined 
that osteocytes were sensitive to LMHFV 
through their responses to COX2 and RANKL, 
which had inhibitory effects on bone resorption 
as a result of stimulation20. Wu et al. also found 
changes in the nitric oxide, PGE2, and 
intracellular calcium concentrations of the cells 



Dicle Tıp Dergisi / Dicle Med J (2022) 49 (4) : 619-627 

625 

against different frequency values of LMHFV 
(10, 30, 60, 90 Hz) in their study21. Chen et al. 
reported that LMHFV caused osteogenic 
differentiation in mesenchymal stem cells, and 
this was due to the Wnt/β-catenin 
pathway22.Özcivici et al. also suggested that 
LMHFV might cause osteoblastogenesis in bone 
marrow stem cells23. 

There are also studies performed in animal 
models. In the study of Judex et al., they applied 
LMHFV (90 Hz, 45 Hz; 0.2 g) to the whole body 
by giving vibration from the bottom in rats 
whose ovaries were removed, and as a result, 
larger cortical and trabecular bone presence 
was detected compared to the control 
group14.Shi et al. created fractures on 
osteoporotic rats whose ovaries were removed 
and found a significant difference in callus 
tissue bridging time and callus tissue formation 
rates in rats treated with Whole Body- 
LMHFV24. Matsumoto et al. suggested that 
Whole Body- LMHFV increases fracture healing 
by increasing vascularization but also stated 
that there was a need for further studies on the 
parameters and mechanism of action of 
LMHFV15. 

Apart from the whole body application of 
LMHFV, a method specified in the literature as 
radial application or local application has also 
been tested in animals. Wang et al. anesthetized 
the rabbits, placed implants in their tibia, and 
performed LMHFV at different frequencies only 
in that area. As a result, there was an increase in 
new bone formation and bone density in the 
LMHFV group compared to the control 
group25.Sun et al. found a significant increase in 
bone density in rats in which they applied 35 Hz, 
45 Hz and 55 Hz LMHFV by pinching their tails 
in the mechanism where they eliminated 
microgravity26. 

LMHFV studies in humans first started with 
whole body applications. In the study of Rubin 
et al. on postmenopausal women, they found a 
significant difference between the volunteers 

who were given LMHFV for 20 minutes a day for 
one year and a control group about the bone 
loss parameter10.Marín-Cascales et al. in their 
meta-analysis study reported a positive effect of 
whole-body LMHFV applications on bone 
mineral density in the femoral neck and 
vertebrae in 462 postmenopausal women16. 

Bilgin et al. defined a new application method 
using the pulsed electromagnetic field in the 
literature. In this method, which is called the 
"Clamp Method", they attached the small 
LMHFV device -which they invented- on the 
operated tibia bones and made applications to 
30 Sprague-Dawley type rats without 
anesthetizing or any physical restrictions. Rats 
were left in their cages in this way and exposed 
to LMHFV for 15 minutes/day. As a result, a 
higher callus tissue formation and an increase in 
serum osteocalcin levels were observed in rats 
treated with LMHFV compared to the control 
group. According to the results of stereological 
analysis, there was an osteogenic increase 
detected in the LMHFV group27. 

In the literature review conducted regarding 
our study, neither clinical nor animal 
experiments examining the relationship 
between LMHFV and nonunion were found. 
Therefore, no study exists to compare out study 
clinically. In addition, we could not find any 
publication examining the clinical relationship 
between local LMHFV application and fractures 
(in-vivo) except for osteoporotic fractures. 

The strength of our study is that LMHFV has not 
been clinically studied in any type of fracture, 
except postmenopausal fractures, and it has 
never been studied in nonunion tibia fractures. 
In our study, LMHFV was applied to nonunion 
tibia fractures. On the other hand, with the 
"clamp method", which we described in Bilgin et 
al., a localized application was applied for the 
first time in the clinic in our present study, apart 
from whole-body applications that have been 
applied to date. 
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The fact that nonunion tibia fractures are 
observed in only fractions of millions in the 
whole society has created the biggest limitation. 
As the small number of patients is our most 
significant limitation, we used non parametric 
test as statistical analysis; further studies 
involving a higher number of patients are 
needed. Whenever the number of the patients 
and the treatment period can be increased, an 
improvement at the functional scores as well as 
the pain scores will be obtained. Although this 
limitation, it is important that this method is 
being used in humans firstly. 

The RUST score is a radiographic assessment of 
fracture healing that has improved observer 
reliability compared to other radiographic 
assessments8,9,28.Litrenta et al., as determined 
by 12 orthopaedic surgeons on radiographs of 
27 distal femur fractures at various stage of 
healing and reviewers stated a fracture was 
healed when radiographic union corresponded 
with a RUST score of 10. RUST score less than 8 
were considered not healed by all reviewers8. 
No significant difference was found in the 
comparison of RUST scores in which callus 
tissue was evaluated between the experimental 
groups and the control groups (p>0.05). 
However, based on the above studies, better 
results can be obtained in a more 
comprehensive and long-term study. 

Besides presenting the variation of function and 
smoothness, AOFAS Ankle-Hindfoot Scale 
provides a consistent observation related with 
changes of pain symptom. In the published data, 
although reported for other orthopedic and 
traumatic foot and ankle disorders6,7, we could 
not find a study that compared the AOFAS 
ankle-hindfoot score for Nonunion Tibial 
Fractures. 

CONCLUSION 

Low Magnitude High Frequency Vibration 
contributed significantly to the pain and 
function parameters of AOFAS in the patient 

group with nonunion tibia fracture. To the best 
of our knowledge, this is the first study focusing 
on the impact of localized LMHFV application on 
nonunion tibia fractures in the clinic. 
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