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Abstract: Objective: To investigate the therapeutic efficacy of extracorporeal shock wave therapy (ESWT) combined 
with kinesitherapy (KT) for the treatment of delayed union of tibia and fibula fractures. Methods: A total of 68 pa-
tients with delayed healing of tibiofibular fractures were enrolled. These patients were divided into three groups: 
control, ESWT, and ESWT+KT. All patients underwent standard surgical treatment following the fracture. Patients in 
the ESWT group received shockwave therapy twice a week for 4 months, while those in the ESWT+KT group received 
additional exercise therapy twice a week over the same duration. The control group did not receive any specific inter-
vention during this period. The pain levels of patients in all three groups were assessed using the Numerical Rating 
Scale (NRS) before and after treatment. Bone repair and callus formation were evaluated using the Lane-Sandhu 
and Fernandez-Esteve X-ray grading scales before and after treatment. Additionally, walking ability was assessed 
using the Functional Ambulation Classification (FAC), Hoffer walking ability grade, and Holden walking ability grade 
before and after treatment. Results: No significant differences were observed in patient baseline characteristics 
across the three groups (P > 0.05), indicating comparability among groups. Post-treatment, improvements were 
noted in the NRS, Lane-Sandhu X-ray scale, Fernandez-Esteve X-ray scale, FAC level, Hoffer grade, and Holden 
grade in all three groups compared to their respective pre-treatment values (P < 0.05). Notably, the Lane-Sandhu 
X-ray scale, FAC level, Hoffer grade, and Holden grade showed significant improvements in the ESWT+KT group 
after treatment compared to the control group (P < 0.05). Additionally, the ESWT group demonstrated significant 
improvements in FAC level and Holden grade compared to the control group after treatment (P < 0.05). Conclusion: 
ESWT can enhance the walking function in patients with delayed union of tibia and fibula fractures. ESWT combined 
with KT demonstrates superior efficacy compared to monotherapy, as it not only improves walking function but also 
promotes bone healing.
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Introduction

Delayed healing of fractures poses a significant 
public health challenge globally. Rehabilitation 
following fractures imposes a substantial clini-
cal burden, leading to reduced mobility and 
compromised musculoskeletal function. This 
condition is recognized as a complex musculo-
skeletal rehabilitation issue. Delayed fracture 
healing is prevalent in clinical practice, particu-
larly in long bone fractures such as those of the 
tibia and fibula [1, 2]. Delayed healing of tibio-
fibular fracture is defined as the absence of sig-
nificant healing signs at the fracture site three 

months after fracture. Radiological examina-
tions, such as X-rays, reveal the lack of sclero-
sis and occlusion of the medullary cavity at the 
fracture ends, as well as minimal resorption 
and gaps. The formation of a continuous periph-
eral bone callus is also not observed. In such 
cases, natural healing may be difficult, neces-
sitating further therapeutic interventions to pro-
mote recovery [3]. Delayed fracture healing can 
result in long-term pain, activity restriction, and 
psychological distress, severely affecting pa- 
tients’ life quality, reducing their ability to per-
form daily activities, and extending hospital 
stays. Additionally, it increases the risk of reop-
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eration [4] and imposes an economic burden 
on patients. Despite the inherent self-healing 
capacity of fractures and the use of traditional 
surgical or conservative treatment after injury, 
a proportion of fractures exhibit delayed heal-
ing or non-union for unknown reasons [5]. In 
recent years, advancements in fracture healing 
techniques have sparked great interest in no- 
vel methods, such as shock wave therapy, to 
address delayed fracture healing. This study 
investigates the efficacy of combining shock 
wave therapy with exercise therapy in treating 
delayed healing of tibiofibular fractures.

Extracorporeal shock wave therapy (ESWT) is a 
non-invasive modality that utilizes sound wa- 
ves, commonly employed in urology for litho-
tripsy of urinary stones. Beyond its application 
in urology, ESWT has been shown to promote 
tissue repair and regeneration in rehabilitation 
settings [6, 7]. Shock waves can elicit new trau-
ma responses at fracture sites, extending the 
inflammatory phase, stimulating massive in- 
flammatory and vascular reactions, enhancing 
vascular perfusion, inducing angiogenesis, pro-
moting intramembranous and endochondral 
osteogenesis, and accelerating fracture heal-
ing [8, 9]. Additionally, ESWT facilitates neovas-
cularization, supports the repair and regenera-
tion of non-osseous structures, and alleviates 
pain [10]. Several studies have demonstrated 
that ESWT achieves healing rates comparable 
to surgical intervention in patients with delayed 
fracture healing [11, 12]. Kinesitherapy (KT), 
another effective rehabilitation method, can 
induce local vasodilation through muscle exer-
cise, increase blood flow, and accelerate the 
reduction of swelling in affected limbs [13]. This 
process is also essential to promote fracture 
healing. While both ESWT and KT have demon-
strated efficacy in promoting osseous defect 
reconstruction and improving walking ability in 
patients with delayed fracture healing, the com-
bined effect of ESWT and KT on delayed frac-
ture healing remains underreported. In this 
study, the clinical therapeutic effects of ESWT 
combined with KT were evaluated on patients 
with delayed union of tibiofibular fractures 
based on pain indices, callus formation, and 
ambulatory function.

Materials and methods

Research participants

Patients with delayed healing of tibiofibular 
fractures who presented to the outpatient clin-

ics of the Department of Rehabilitation Me- 
dicine and the Department of Orthopedics at 
the Affiliated Hospital of Nantong University 
between September 1, 2021, and December 
31, 2023, were enrolled and allocated into 
three groups: control, ESWT, and ESWT+KT. All 
patients underwent standard surgical manage-
ment involving external fixation and/or internal 
fixation following fracture. Patients in the ESWT 
group received shockwave therapy twice week-
ly. Those in the ESWT+KT group received both 
shockwave therapy and exercise therapy twice 
weekly.

Inclusion criteria: (1) Patients who had under-
gone initial fracture surgery and were in the 
postoperative period. (2) A definitive diagnosis 
of delayed healing of tibiofibular fractures was 
confirmed: no obvious sclerosis or occlusion of 
the medullary cavity at the fracture site over 
the past three months, no significant resorp-
tion or gap at the fracture ends, and discontinu-
ous growth of the surrounding bone callus, wi- 
th no radiological evidence of fracture healing 
[14]. (3) Patients with no cognitive dysfunction, 
who were capable of following commands to 
complete movements. (4) Patients aged be- 
tween 8 and 80 years old at the time of injury, 
with no gender restrictions. Exclusion criteria: 
(1) Non-union or delayed union of the fracture 
site, including non-union of infected fractures. 
(2) Patients with poorly controlled severe diabe-
tes mellitus that affects fracture healing. (3) 
Patients on steroids, anticoagulants, immuno-
suppressants, or other medications that may 
interfere with bone healing. (4) Pregnant wo- 
men, patients with cardiac pacemakers, patho-
logical fractures, thrombophlebitis, or coagu- 
lation disorders. (5) Patients with incomplete 
examination records or insufficient data. The 
treatment duration was 4 months, with evalua-
tions conducted both before and after the 
treatment.

To minimize the influence of confounding fac-
tors, this retrospective study ultimately includ-
ed a total of 68 patients with delayed healing of 
tibiofibular fractures after verification: 28 in the 
control group, 24 in the ESWT group, and 16 in 
the ESWT+KT group.

Extracorporeal shock wave treatment

Patients were treated in a conscious state wh- 
ile maintaining a comfortable position. Before 
treatment, the affected area was cleaned, and 
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fracture sites were marked using X-ray imaging. 
During treatment, care was taken to avoid any 
built-in objects that could obstruct the shock 
wave energy from reaching the fracture site. A 
coupling agent was applied to the designated 
location, and a shock wave therapy device su- 
ch as the BTL-6000 SWT Topline from BTL 
Industries Ltd. was used. Depending on the 
bone thickness, 2 to 3 points along the frac- 
ture line were selected as reference points. 
Treatment parameters included: a shock dose 
of 2000-3000 impulses per session, a treat-
ment pressure of 2.0 to 3.0 bar, and a frequen-
cy of 10 Hz. Patients received treatment twice 
weekly, with an interval of 3 to 4 days between 
sessions, and 8 sessions constituted one cour- 
se of treatment. After 4 courses of treatment, 
patients’ walking ability, pain index, and degree 
of bone repair were assessed and compared to 
pre-treatment levels.

Kinesitherapy treatment

The exercise therapy in this study consisted of 
Muscle Energy Technique (MET), Joint Mobility 
Training (JMT), Ankle Pump Exercise (APE), and 
Lower Extremity Weighted Walking Training 
(LEWWT). Each therapy is designed to enhan- 
ce muscle function, joint mobility, and walking 
ability.

MET: This method involves isometric contrac-
tion followed by relaxation and reciprocal inhibi-
tion. Initially, the patient relaxed, after which 
the therapist immobilized the thigh with one 
hand and placed the other hand on the lower 
end of the calf. The patient performed an iso-
metric contraction against the therapist’s resis-
tance. Subsequently, the therapist immobilized 
the calf with one hand and held the affected 
foot with the other, instructing the patient to 
perform an isometric contraction against the 
therapist’s hand at approximately 20% of maxi-
mal effort during the first contraction. This con-
traction was maintained for 5 seconds and 
repeated, gradually increasing resistance. Thr- 
oughout the process, the patient is instructed 
to exert maximum force without experiencing 
pain. At the end of the treatment, both the 
patient and therapist collaborated to gradually 
reduce the force until complete relaxation is 
achieved.

JMT: The therapist rhythmically rotated the 
knee and ankle joints through their full range of 

motion, depending on the severity of joint adhe-
sions, contractures, and pain in the affected 
limb. 

APE: The patient performed two sets of exer-
cises: one for dorsiflexion and one for circum-
duction. The patient, in a supine or seated posi-
tion, maximally plantarflexed the ankle for app- 
roximately 10 seconds, followed by maximal 
dorsiflexion with the toes pointing upwards for 
another 10 seconds. Repeatedly stretching the 
ankles in this manner helps maintain calf mus-
cle contraction. The ankle joint is also moved in 
circular motions-plantarflexion, inversion, dor-
siflexion, and eversion, alternating between 
clockwise and counterclockwise directions to 
improve joint flexibility.

LEWWT: Weight-bearing training can be catego-
rized into partial weight-bearing and touch-
weight-bearing. Touch-weight-bearing involves 
weights ranging from 0-20% of body weight, 
while partial weight-bearing ranges from 20- 
50%. During training, an electronic weight scale 
was utilized in conjunction with guidance from 
a rehabilitation therapist. The rehabilitation 
physician determined a safe weight limit for the 
patient. Initially, the patient placed the healthy 
lower limb on an isometric pad and the affected 
limb on the electronic scale. At the beginning of 
the exercise, the patient’s center of gravity is 
placed entirely on the healthy side. Under the 
therapist’s instructions, the patient gradually 
shifts the center of gravity toward the affected 
limb. Upon reaching the predetermined safe 
weight, the patient holds this position for sev-
eral seconds to experience the pressure on the 
soles of the feet. During the self-exercise, the 
patient can gauge the extent of weight transfer 
by monitoring the pressure readings on the 
electronic scale. After adequate training, the 
patient transitions from using the electronic 
scale to walking independently with crutches, 
ensuring proper weight distribution and avoid-
ing injury from excessive weight bearing.

MET, JMT, APE, and LPWWT were performed 
twice weekly, with a 3 to 4 day interval between 
sessions. A total of 8 sessions were conducted 
per course of treatment. After completing 4 
sessions, patients were assessed for walking 
ability, pain index, and bone repair, and the 
results were compared to their pre-treatment 
measurements.
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Assessment of pain

The Numerical Rating Scale (NRS) is a quantita-
tive visual tool for quantifying pain intensity 
using an 11-point scale ranging from 0 to 10, 
where 0 indicates no pain and 10 represents 
the most severe pain. Patients were instructed 
to rate their pain intensity based on their per-
sonal perception at the time of assessment. 
The NRS has been shown to provide intuitive 
results and exhibits high validity [15].

X-ray imaging evaluation

Lane-Sandhu X-ray grading scale is a compre-
hensive tool for both qualitative and quantita-
tive evaluation of bone repair [16]. It assesses 
three critical parameters: bone formation, bone 
connection, and bone contouring. Specifically, 
bone formation is scored as follows: 0 for no 
bone formation, 1 for 25% defect filling, 2 for 
50% defect filling, 3 for 75% defect filling, and 4 
for complete defect filling by new bone. Bone 
connection is assessed with scores of 0 for a 
clearly visible fracture line, 2 for a partially visi-
ble fracture line, and 4 for complete disappear-
ance of the fracture line. Bone contouring is 
evaluated as 0 for no restoration of bone sh- 
ape, 2 for the formation of the medullary cavity, 
and 4 for complete restoration of the cortical 
bone structure. The total score ranges from 0 
to 12, with higher scores indicating more effec-
tive bone defect repair.

Fernandez-Esteve X-ray grading scale evalu-
ates callus formation at the fracture site, classi-
fied into five grades [17]. Grade I (0 point): No 
radiological evidence of callus at the fracture 
ends; Grade II (1 point): A visible faint callus at 
the fracture ends; Grade III (2 points): Visible 
callus on one side of the fracture ends indicat-
ed by both anteroposterior and lateral X-rays; 
Grade IV (3 points): Callus on both sides of the 
fracture ends; Grade V (4 points): Continuous 
callus bridging observed. Higher grades of cal-
lus formation indicate more effective bone 
defect repair.

Assessment of walking ability

Functional Ambulation Classification (FAC) [18]: 
Level 0: the patient is unable to walk or requires 
assistance from two individuals to ambulate; 
Level 1: the patient can maintain balance with 
continuous support from one person, though 

they may exhibit reduced weight-bearing capac-
ity; Level 2: the patient walks with either con-
tinuous or intermittent support from one indi-
vidual; Level 3: the patient walks independently 
without direct physical assistance but requires 
supervision; Level 4: the patient can walk inde-
pendently on level surfaces but needs assis-
tance for stairs, slopes, or uneven terrain; Level 
5: the patient can walk independently in all 
environments. Higher levels indicate better am- 
bulatory function.

Hoffer’s walking ability grade [19]: Grade 1 
(non-ambulator): the patient is entirely unab- 
le to walk; Grade 2 (non-functional ambulator): 
the patient can walk indoors with the assis-
tance of devices such as knee-ankle-foot ortho-
ses or canes; Grade 3 (household ambulator): 
the patient can walk independently within the 
home using assistive devices like ankle-foot 
orthoses or canes but cannot sustain prolong- 
ed outdoor walking; Grade 4 (community ambu-
lator): the patient can walk and stroll outdoors 
independently. Higher grades indicate progres-
sively better walking abilities.

Holden’s walking ability grade [20]: Level 0: 
unable to walk, requiring assistance from at 
least two individuals; Level 1: requires continu-
ous support from one person for balance and 
weight-bearing while walking; Level 2: requires 
intermittent support from one person for bal-
ance while walking; Level 3: can walk indepen-
dently but still requires supervision or guidance 
from others; Level 4: can walk independently 
but requires assistance when navigating stairs 
or uneven surfaces; Level 5: can walk indepen-
dently without difficulty.

Statistical analysis

General admission data, including age, gender, 
fracture type, fixation mode, delayed healing 
type, and fracture site, were extracted from the 
records of 68 patients with delayed healing of 
tibiofibular fractures. Imaging data were col-
lected and analyzed to evaluate bone forma-
tion, osseous junction, bone contouring, and 
callus growth. Additionally, the pain index was 
assessed, and the walking ability was evaluat-
ed for all patients.

SPSS.V29.0 statistical software was utilized for 
data analysis and visualization. Descriptive sta-
tistics were used to summarize patients’ gen-
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eral information, observational variables, and 
outcome measures. Non-normally distributed 
continuous variables were presented as medi-
ans with interquartile ranges, while categorical 
variables were summarized as frequencies and 
percentages. To assess the significance of dif-
ferences among multiple groups, one-way AN- 
OVA or Kruskal-Wallis tests were employed as 
appropriate for analyzing NRS scores, Lane-
Sandhu X-ray scale, Fernandez-Esteve X-ray 
scale, FAC scores, Hoffer walking ability scale, 
and Holden walking ability scale. For compari-
sons between the control and treatment gr- 
oups before and after intervention, indepen-
dent samples t-tests or Wilcoxon rank-sum 
tests were used as appropriate. The differenc-
es were considered as statistically significant 
when P < 0.05.

Results

General data analysis of patients

A total of 68 patients with delayed healing of 
tibiofibular fracture were retrospective includ- 
ed in this study, comprising 28 patients in the 
control group, 24 patients in the ESWT group, 

and 16 patients in the ESWT+KT group. There 
were no statistically significant differences in 
general information among the three groups 
(Table 1).

The mean age of the control group was 55.5 ± 
8.75 years, with 16 (57.1%) males and 12 
(42.8%) females. Among them, 11 (39.3%) had 
open fractures, while 17 (60.7%) had closed 
fractures. The fixation methods included inter-
nal fixation in 14 (50.0%) cases, external fixa-
tion in 6 (21.4%), and combined internal and 
external fixation in 8 (28.6%). Delayed healing 
types were classified as hypertrophic in 4 
(14.3%) cases, normal in 18 (64.3%), and at- 
rophic in 6 (21.4%). Fracture locations were  
distributed as follows: upper segment in 4 
(14.3%) cases, middle segment in 4 (14.3%), 
lower segment in 18 (64.3%), and multiple frac-
tures in 2 (7.1%).

The mean age of the ESWT group was 57.5 ± 
7.25 years, with 18 (75%) males and 5 (25%) 
females. Among the patients, 12 (50%) had 
open fractures and 12 (50%) had closed frac-
tures. The fixation methods included internal 
fixation in 10 (41.7%) cases, external fixation in 

Table 1. General information of patients
Total Number of Cases (n=68)

H/χ2-Score P-ScoreControl Group  
(n=28)

ESWT Group  
(n=24)

ESWT+KT 
Group (n=16)

Age (average years) 55.5 57.5 53 0.312 0.856
Gender, n (Male/Female) 16/12 18/5 11/5 1.903 0.392
Type of Fracture, n (%)
    Open Fracture 11 (39.3%) 12 (50%) 7 (43.8%) 0.603 0.740
    Closed Fracture 17 (60.7%) 12 (50%) 9 (56.3%)
Fixation Mode, n (%)
    Internal Fixation 14 (50%) 10 (41.7%) 8 (50%) 5.938 0.192
    External Fixation 6 (21.4%) 2 (8.3%) 0 (0%)
    Internal Fixation + External Fixation 8 (28.6%) 12 (50%) 8 (50%)
Healing Type, n (%)
    Hypertrophic Type 4 (14.3%) 5 (20.8%) 1 (6.3%) 8.135 0.075
    Normal Healing 18 (64.3%) 13 (54.2%) 15 (93.8%)
    Atrophic Type 6 (21.4%) 6 (25%) 0 (0%)
Fracture Site, n (%)
    Upper Segmental 4 (14.3%) 3 (12.5%) 3 (18.8%) 8.091 0.216
    Intermediate Segmental 4 (14.3%) 4 (16.7%) 0 (0%)
    Lower Segmental 18 (64.3%) 10 (41.7%) 9 (56.3%)
    Multi Segmental 2 (7.1%) 7 (29.2%) 4 (25%)
ESWT, Extracorporeal shock wave therapy; ESWT+KT, Extracorporeal shock wave therapy combined with kinesitherapy.
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2 (8.3%) cases, and combined internal and 
external fixation in 12 (50%) cases. The frac-
ture types were classified as hypertrophic in 5 
(20.8%), normal in 13 (54.2%), and atrophic in 
6 (25%) cases. The fracture locations were  
distributed as follows: upper segmental in 3 
(12.5%), middle segmental in 4 (16.7%), lower 
segmental in 10 (41.7%), and multi segmental 
in 7 (29.2%) cases.

The mean age of the ESWT+KT group was 53 ± 
7.5 years, with 11 (68.8%) males and 5 (31.3%) 
females. Among the patients, 7 (43.8%) had 
open fractures and 9 (56.3%) had closed frac-
tures. The fixation methods included internal 
fixation in 8 (50%) cases and combined inter- 
nal and external fixation in 8 (50%) cases. 
Regarding delayed healing types, there was 1 
(6.3%) case of hypertrophic delayed healing 
and 15 (93.8%) cases of normal delayed heal-
ing. No atrophic delayed healing cases were 
observed. Fracture locations were distributed 
as follows: upper segmental fracture in 3 
(18.8%) cases, lower segmental fracture in 9 
(56.3%) cases, and multidimensional fracture 
in 4 (25%) cases. No intermediate segmental 
fractures were recorded.

Effect of ESWT combined with KT on pain

The NRS scores of patients in all groups de- 
creased post-treatment compared to pre-treat-
ment levels. The mean NRS score was 2 in all 
three groups before treatment (P=0.872). After 
treatment, the mean NRS scores reduced to 
0-1, and there remained no statistically signi- 
ficant difference among the three groups (P= 
0.706) (Table 2). A significant reduction in NRS 
scores was observed after treatment in the 
control group (P < 0.001), ESWT group (P < 
0.001), and ESWT+KT group (P < 0.05) com-
pared to their respective pre-treatment scores 
(Figure 1). Prior to treatment, NRS scores for 
patients with delayed union were generally be- 
tween 1-3, indicating mild to moderate pain, 
rather than acute severe pain. After treatment, 
while all groups showed a reduction in NRS 
scores, no statistically significant difference 
was observed between the treatment and con-
trol groups. This may be due to the limitations 
in pain management.

Effect of ESWT combined with KT on X-ray 
imaging

Before treatment, no statistically significant  
difference was observed in the Lane-Sandhu 
X-ray scale scores among the three groups (P= 
0.125). After treatment, the mean Lane-Sand- 
hu X-ray scale scores increased from 4-6 to 6-8 
across all groups. Comparing the three groups, 
a significant difference was noted in the Lane-
Sandhu X-ray scale scores (P=0.036) (Table 3). 
The increase in the Lane-Sandhu X-ray scale 
scores was statistically significant for all three 
groups after treatment (all P < 0.05). Notably, 
the ESWT+KT group had significantly higher 
scores than the control group after treatment 
(Figure 2A). 

There was no statistically significant difference 
in the Fernandez-Esteve X-ray scale scores 
among the three groups before treatment (P= 

Table 2. Comparison of NRS scores among three groups of patients before and after treatment
NRS score Before treatment After treatment Z-Score P-Score
Control Group Mean (Min, Max) 2 (1, 3) 0 (0, 2)a 4.311 < 0.001
ESWT Group Mean (Min, Max) 2 (1, 3) 0 (0, 1)a 3.789 < 0.001
ESWT+KT Group Mean (Min, Max) 2 (2, 3) 1 (0, 2)a 3.256 0.001
H-Score 0.275 0.697
P-Score 0.872 0.706
NRS, Numerical Rating Scale. aP < 0.05, compared with before treatment. ESWT, extracorporeal shock wave therapy; KT, 
kinesitherapy.

Figure 1. Comparison of Numerical Rating Scale 
(NRS) scores before and after treatment. NRS scores 
decreased after treatment in all three groups. *P < 
0.05, **P < 0.001. ESWT, extracorporeal shock 
wave therapy; KT, kinesitherapy.
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0.404), with each group having a mean score of 
1. After treatment, the mean score increased 
to 1-2 across all groups. Although there rema- 
ined no statistically significant difference in the 
Fernandez-Esteve X-ray scale scores among 
the three groups after treatment (P=0.309) 
(Table 4), intra-group comparisons revealed a 
statistically significant increase in scores be- 
fore and after treatment for the control group, 
ESWT group, and ESWT+KT group (all P < 0.05) 
(Figure 2B).

This study found that both methods for evaluat-
ing fracture healing after treatment indicated 

significant improvement in bone repair. How- 
ever, the Lane-Sandhu X-ray scale, which eva- 
luates fracture healing from three distinct 
aspects, demonstrated higher sensitivity com-
pared to the single-aspect evaluation of the 
Fernandez-Esteve X-ray scale. Consequently, 
while the Fernandez-Esteve X-ray scale did not 
detect inter-group differences post-treatment, 
the Lane-Sandhu X-ray scale revealed that the 
ESWT+KT group had a notable advantage in 
fracture repair.

By comparing X-ray images of patients before 
and after treatment, it was evident that frac-
tures exhibited varying degrees of repair after 
treatment. Specifically, fractures in the control 
group showed only slight improvement, where-
as those in the ESWT group demonstrated sig-
nificant repair. The ESWT+KT group displayed 
markedly superior bone repair compared to the 
other two groups, accompanied by an increase 
in muscle mass on the affected side (Figure 3). 

Effect of ESWT combined with KT on walking 
ability

Before treatment, the mean FAC levels in the 
control group, ESWT group and ESWT+KT group 
were 0, 1, and 0, respectively. There was no 
statistically significant difference in FAC level 
among the three groups before treatment 
(P=0.221). After treatment, the mean FAC lev-
els increased to 1, 2, and 4 in the respective 
groups. A statistically significant difference was 
observed in the increase of FAC levels among 
the three groups after treatment (P=0.018) 
(Table 5). Within-group comparisons revealed a 
statistically significant increase in FAC levels 
before and after treatment for all three groups 
(all P < 0.001). There was a significant differ-
ence in the increase of FAC levels between the 
ESWT+KT group and the control group after 

Table 3. Comparison of Lane-Sandhu X-ray scales of tibia among three groups of patients before and 
after treatment
Lane-Sandhu X-ray scale Before treatment After treatment Z-Score P-Score
Control Group Mean (Min, Max) 5 (4, 6) 6 (4, 6)a 3.317 < 0.001
ESWT Group Mean (Min, Max) 5 (4, 6) 6 (4, 6)a 3.162 0.002
ESWT+KT Group Mean (Min, Max) 6 (4, 6) 7 (6, 8)a,b 3.162 0.002
H-Score 4.163 6.394
P-Score 0.125 0.036
aP < 0.05, compared with before treatment. bP < 0.05, compared with control group. ESWT, extracorporeal shock wave therapy; 
KT, kinesitherapy.

Figure 2. Comparation of the X-ray imaging indexes 
among three groups of patients before and after 
treatment. A. Lane-Sandhu’s X-ray scale scores in-
creased significantly after treatment in all three 
groups. There were significant differences between 
the control and ESWT+KT group after treatment. B. 
Fernandez-Esteve X-ray scale scores increased sig-
nificantly after treatment in all three groups after 
treatment. **P < 0.001, *P < 0.05. ESWT, extracor-
poreal shock wave therapy; KT, kinesitherapy.
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treatment, as well as between the ESWT group 
and the control group (all P < 0.05) (Figure 4A).

There was no significant difference in the Hoffer 
grade among the three groups before treat-
ment (P=0.210). After treatment, the mean 
Hoffer grades increased from 1-2 to 2-4 across 
all groups. A statistically significant difference 
in the Hoffer grade was observed among the 
three groups after treatment (P=0.003) (Table 
6). Within each group, there were significant  
differences in Hoffer grades before and after 
treatment (P < 0.05 or P < 0.001). Additionally, 
a statistically significant increase in the Hoffer 
grade was noted between the ESWT+KT group 
and the control group after treatment (P < 0.05) 
(Figure 4B). 

No statistically significant differences in Holden 
grade were observed among the three groups 
before treatment (P=0.227). After treatment, a 
statistically significant difference was noted in 
the increase of Holden grades from 0-1 to 1-4 
when comparing the three groups (P=0.013) 
(Table 7). Additionally, within-group compari-
sons revealed a statistically significant increa- 
se in Holden grades across the three groups 
after treatment (P < 0.001). The ESWT+KT 
group exhibited a significantly greater increase 
in Holden grade compared to the control group 
after treatment, while similar results were ob- 
served between the ESWT group and the con-
trol group (P < 0.001) (Figure 4C).

FAC level and Holden grade are used to evalu-
ate patients’ walking ability and independence 
more directly, while Hoffer grade focuses more 
on analyzing the activity area of patients to 
reflect their walking ability. After treatment, the 
ESWT group showed better independent walk-
ing ability than the control group, while com-
pared with the control group, the ESWT+KT 
group not only improved in independent walk-
ing ability but also in walking range, indicating 
that this treatment plan is more effective.

Table 4. Comparison of Fernandez-Esteve X-ray scales of tibia among three groups of patients before 
and after treatment
Fernandez-Esteve X-ray scale Before treatment After treatment Z-Score P-Score
Control Group Mean (Min, Max) 1 (0, 2) 1 (0, 2)a 2.913 0.004
ESWT Group Mean (Min, Max) 1 (0, 3) 2 (0, 3)a 3.000 0.003
ESWT+KT Group Mean (Min, Max) 1 (1, 2) 2 (1, 2)a 2.887 0.004
H-Score 1.814 2.349
P-Score 0.404 0.309
aP < 0.05, compared with before treatment. ESWT, extracorporeal shock wave therapy; KT, kinesitherapy.

Figure 3. X-ray images of patients before and after 
treatment (white arrow indicates the fracture site 
and the star marks the calf muscles). A. Fracture was 
slightly repaired after treatment compared with that 
before treatment in the control group. B. Fracture 
was obviously repaired after treatment compared 
with that before treatment in the ESWT group. C. 
After treatment, the fractures in patients were sig-
nificantly repaired compared to pre-treatment con-
ditions and the calf muscle mass in the ESWT+KT 
group also increased. ESWT, extracorporeal shock 
wave therapy; KT, kinesitherapy.
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Discussion

Fractures, as a prevalent traumatic condition, 
have garnered significant attention from medi-
cal practitioners. Despite active treatments, 
some patients still experience delayed healing 
or even nonunion. Consequently, interventions 
for delayed fracture healing holds substantial 
importance in the field of rehabilitation medi-
cine. In recent years, shock wave therapy has 
emerged as a promising rehabilitation treat-
ment for various musculoskeletal conditions, 
including proximal plantar fasciitis [21], lateral 
epicondylitis of the humerus [22], adhesive 
capsulitis of the shoulder [23], and osteochon-
dral dislocations of long bone fractures [24]. 
More recently, shock wave therapy has been 
applied to treat delayed fracture healing [25-
27]. Previous studies have elucidated the 
potential mechanisms by which shock wave 
therapy promotes fracture healing. Shock wa- 
ves can induce microlesions at the fracture 
site, stimulating and initiating the bone healing 
process, thereby facilitating effective recovery 
[28]. Additionally, shock waves generate minus-
cule bone fragments that can occupy the frac-
ture site and serve as autogenous bone grafts, 
further enhancing the fracture healing process 
[29-31]. The application of shock waves can 
enhance blood circulation to the fracture site, 
thereby accelerating the healing process [32, 
33]. Moreover, shock wave therapy modulates 
osteoblast and osteoclast activity, while pro-
moting the proliferation, survival, and migra- 
tion of bone marrow mesenchymal stem cells, 
which collectively augment bone regenerative 
capacity [34-36]. The evidence suggests that 
shock wave therapy is a highly effective and 
non-invasive method for promoting fracture 
healing. However, prolonged immobilization fol-
lowing a fracture can induce significant altera-
tions in the morphological structure, biochemi-

Table 5. Comparison of FAC levels among three groups of patients before and after treatment
FAC level Before treatment After treatment Z-Score P-Score
Control Group Mean (Min, Max) 0 (0, 2) 1 (1, 2)a 4.123 < 0.001
ESWT Group Mean (Min, Max) 1 (0, 2) 2 (1, 4)a,b 4.193 < 0.001
ESWT+KT Group Mean (Min, Max) 0 (0, 1) 4 (3, 4)a,b 3.424 < 0.001
H-Score 3.016 17.383
P-Score 0.221 0.018
FAC, Functional Ambulation Classification. aP < 0.05, compared with before treatment. bP < 0.05, compared with control group. 
ESWT, extracorporeal shock wave therapy; KT, kinesitherapy.

Figure 4. Comparison of walking ability among three 
groups of patients before and after treatment. A. 
Functional Ambulation Classification (FAC) level in-
creased after treatment in the control, ESWT and 
ESWT+KT group. There were significant differences 
between the control and ESWT+KT group as well 
as between the control and ESWT group after treat-
ment. B. Hoffer grade increased significantly after 
treatment in all three groups. Compared with the 
control group, the grades of the EWST+KT group 
were significantly increased after treatment. C. Af-
ter treatment, Holden grade increased significantly. 
Compared with the control group, the grades of the 
ESWT and ESWT+KT group were significantly in-
creased after treatment. **P < 0.001, *P < 0.05. 
ESWT, extracorporeal shock wave therapy; KT, kine-
sitherapy.
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cal composition, and biomechanical properties 
of the joint capsule, ligaments, muscles, and 
other tissues, resulting in impaired joint func-
tion and hindering fracture healing. Exercise 
therapy, as a therapeutic approach, aims to 
enhance limb function and gait proficiency 
through systematic and targeted exercise tra- 
ining. This therapy facilitates the restoration  
of joint mobility, strengthens muscle, improves 
joint stability, and ultimately optimizes patients’ 
ambulatory capacity, thereby supporting frac-
ture healing [37-39].

In our study, to enhance the efficacy of shock 
wave therapy and exercise therapy in managing 
delayed fracture healing, the combination of 
ESWT and KT was utilized for the treatment of 
patients with delayed union of tibiofibular frac-
tures, and the clinical efficacy was assessed. 
The experimental results demonstrated that 
the ESWT+KT group showed significant im- 
provements in the Lane-Sandhu X-ray scale, 
FAC level, Hoffer grade, and Holden grade after 
treatment, compared with the control group. In 
contrast, the ESWT group only exhibited im- 
provements in the FAC level and Holden grade 
after treatment. We hypothesize that bone 
repair may initially manifest as the recovery of 
walking ability, followed by visible changes on 
X-rays. The combination treatment of ESWT 
and KT significantly promotes the recovery of 
walking ability in patients with delayed union of 

the tibia and fibula, and markedly improves the 
repair of bone defects. The ESWT+KT group 
outperformed the ESWT intervention alone by 
improving more indicators, demonstrating su- 
perior outcomes in both walking ability and 
bone repair. Therefore, the combination treat-
ment of ESWT and KT is clearly superior.

Currently, limited research has been conducted 
on the combination of shock wave therapy and 
exercise therapy for clinical applications. How- 
ever, existing studies have demonstrated that 
this approach combined with oral medication is 
effective in treating low back pain [40]. Whereas 
our study investigated the impact of this combi-
nation therapy on fracture healing and walking 
function in patients with delayed union, rather 
than focusing on less severe pain. Undoubtedly, 
our study possesses certain limitations, includ-
ing a limited sample size and a restricted obser-
vation period. Although the clinical efficacy of 
this combination therapy has been confirmed, 
further research is warranted to establish stan-
dardized and unified treatment parameters.

Acknowledgements

This project was funded by the Research 
Hospital Foundation of Jiangsu (YJXYY202204).

Disclosure of conflict of interest

None.

Table 6. Comparison of Hoffer grades among three groups of patients before and after treatment
Hoffer grade Before treatment After treatment Z-Score P-Score
Control Group Mean (Min, Max) 1 (1, 2) 2 (1, 3)a 3.051 0.002
ESWT Group Mean (Min, Max) 2 (1, 2) 3 (1, 4)a 3.695 < 0.001
ESWT+KT Group Mean (Min, Max) 1 (1, 2) 4 (3, 4)a,b 3.355 < 0.001
H-Score 3.117 11.815
P-Score 0.210 0.003
aP < 0.05, compared with before treatment. bP < 0.05, compared with control group.

Table 7. Comparison of Holden grades among three groups of patients before and after treatment
Holden grade Before treatment After treatment Z-Score P-Score
Control Group Mean (Min, Max) 0 (0, 1) 1 (1, 2)a 4.146 < 0.001
ESWT Group Mean (Min, Max) 1 (0, 1) 3 (1, 4)a,b 4.164 < 0.001
ESWT+KT Group Mean (Min, Max) 0 (0, 1) 4 (3, 4)a,b 3.124 < 0.001
H-Score 2.964 18.062
P-Score 0.227 0.013
aP < 0.05, compared with before treatment. bP < 0.05, compared with control group. ESWT, extracorporeal shock wave therapy; 
KT, kinesitherapy.



ESWT and KT for fracture treatment

1870 Am J Transl Res 2025;17(3):1860-1871

Address correspondence to: Siye Wang and Su Liu, 
Department of Rehabilitation Medicine, Affiliated 
Hospital of Nantong University, No. 20 Xisi Road, 
Nantong 226001, Jiangsu, China. Tel: +86-187- 
61703133; E-mail: vigitoto@163.com (SYW); Tel: 
+86-13814701181; E-mail: 19802587133@163.
com (SL)

References

[1] Lim A, Biosse-Duplan G, Gregory A, Mahbubani 
KT, Riche F, Brassett C and Scott J. Optimal lo-
cation for fibular osteotomy to provide maximal 
compression to the tibia in the management of 
delayed union and hypertrophic non-union of 
the tibia. Injury 2022; 53: 1532-1538.

[2] Brueton RN, Heatley FW and Brookes M. The 
effect of ultrasound on bone healing across a 
bone gap, an experimental study of a delayed 
union model. Injury 2023; 54: 110820.

[3] Klepacki K, Kowal I, Konieczny G, Tomczyk Ł, 
Miękisiak G, Kochańska-Bieri J and Morasie-
wicz P. Post-treatment functional outcomes of 
distal tibiofibular syndesmosis injuries with 
varying duration and method of stabilization. J 
Foot Ankle Surg 2024; 63: 735-741.

[4] Liu DS, Snyder BD and Maha ST. Fracture non-
union and delayed union. J POSNA 2024; 7: 
100058.

[5] Steppe L, Megafu M, Tschaffon-Müller MEA, 
Ignatius A and Haffner-Luntzer M. Fracture 
healing research: recent insights. Bone Rep 
2023; 19: 101686.

[6] Shao H, Zhang S, Chen J, Wen A, Wu Z, Huang 
M, Yao W, Lin Z, Liu C, Jin Z and Li Y. Radial 
extracorporeal shockwave therapy reduces 
pain and promotes proximal tendon healing 
after rotator cuff repair: randomized clinical 
trial. Ann Phys Rehabil Med 2023; 66: 101730.

[7] Wang Y, Hua Z, Tang L, Song Q, Cui Q, Sun S, 
Yuan Y and Zhang L. Therapeutic implications 
of extracorporeal shock waves in burn wound 
healing. J Tissue Viability 2024; 33: 96-103.

[8] Zhou Y and Yang K. Prevention of arthrofibrosis 
during knee repair by extracorporeal shock 
wave therapy: preliminary study in rabbits. In-
jury 2019; 50: 633-638.

[9] Liu J, Li X, Zhang D, Jiao J, Wu L, Hao F and Qin 
YX. Acceleration of bone defect healing and re-
generation by low-intensity ultrasound radia-
tion force in a rat tibial model. Ultrasound Med 
Biol 2018; 44: 2646-2654.

[10] Reichenberger MA, Heimer S, Schaefer A, Lass 
U, Gebhard MM, Germann G, Engel H, Köllens-
perger E, Leimer U and Mueller W. Extracor- 
poreal shock wave treatment protects skin 
flaps against ischemia-reperfusion injury. Inju-
ry 2012; 43: 374-380.

[11] Haffner N, Antonic V, Smolen D, Slezak P, 
Schaden W, Mittermayr R and Stojadinovic  
A. Extracorporeal shockwave therapy (ESWT) 
ameliorates healing of tibial fracture non-
union unresponsive to conventional therapy. 
Injury 2016; 47: 1506-1513.

[12] Rupp M, Biehl C, Budak M, Thormann U, Heiss 
C and Alt V. Diaphyseal long bone nonunions-
types, aetiology, economics, and treatment 
recommendations. Int Orthop 2018; 42: 247-
258.

[13] Wang S, Li S, Xie X and Xie J. The effect of kine-
sitherapy on bone mineral density in primary 
osteoporosis: a systematic review and meta-
analysis of randomized controlled trial. Evid 
Based Complement Alternat Med 2020; 2020: 
5074824.

[14] Jones MS and Waterson B. Principles of man-
agement of long bone fractures and fracture 
healing. Surgery 2020; 38: 91-99.

[15] Ren L, Peng L, Qin P and Min S. Effects of two 
analgesic regimens on the postoperative anal-
gesia and knee functional recovery after uni-
lateral total knee arthroplasty-a randomized 
controlled trial. Zhonghua Wai Ke Za Zhi 2015; 
53: 522-527.

[16] Gao C, Qiu ZY, Hou JW, Tian W, Kou JM and 
Wang X. Clinical observation of mineralized 
collagen bone grafting after curettage of be-
nign bone tumors. Regen Biomater 2020; 7: 
567-575.

[17] Cheng YB and Yang S. Open pulling reduction 
and bone graft by overstretched wrist traction 
and internal fixation for the treatment of distal 
radius type Fernandez III fractures. Zhongguo 
Gu Shang 2020; 33: 367-370. 

[18] Wu H, Gu XD, Fu JM, Yao YH, Li JH and Xu ZS. 
Effects of rehabilitation robot for lower-limb on 
motor function in hemiplegic patients after 
stroke. Zhonghua Yi Xue Za Zhi 2012; 92: 
2628-2631.

[19] Xiang XN, Ding MF, Zong HY, Liu Y, Cheng H, He 
CQ and He HC. The safety and feasibility of a 
new rehabilitation robotic exoskeleton for as-
sisting individuals with lower extremity motor 
complete lesions following spinal cord injury 
(SCI): an observational study. Spinal Cord 
2020; 58: 787-794.

[20] Zhang M, You H, Zhang H, Zhao W, Han T, Liu  
J, Jiang S and Feng X. Effects of visual feed-
back balance training with the Pro-kin sys- 
tem on walking and self-care abilities in stro- 
ke patients. Medicine (Baltimore) 2020; 99: 
e22425.

[21] Tezen Ö, Bilir EE, Arslan HB, Adıgüzel E and 
Yaşar E. Investigation of the effectiveness of 
extracorporeal shock wave therapy in patients 
diagnosed with plantar fasciitis: comparison of 
radial and focus applications. J Foot Ankle 
Surg 2025; 64: 36-41.

mailto:19802587133@163.com
mailto:19802587133@163.com


ESWT and KT for fracture treatment

1871 Am J Transl Res 2025;17(3):1860-1871

[22] Wilk KE and Arrigo CA. Rehabilitation of elbow 
injuries: nonoperative and operative. Clin 
Sports Med 2020; 39: 687-715.

[23] El Naggar TEDM, Maaty AIE and Mohamed AE. 
Effectiveness of radial extracorporeal shock-
wave therapy versus ultrasound-guided low-
dose intra-articular steroid injection in improv-
ing shoulder pain, function, and range of 
motion in diabetic patients with shoulder ad-
hesive capsulitis. J Shoulder Elbow Surg 2020; 
29: 1300-1309.

[24] Luo TY, Tan BW, Liao JF, Shi K and Ning LJ. A 
review on external physical stimuli with bioma-
terials for bone repair. Chem Eng J 2024; 496: 
153749. 

[25] Mittermayr R, Haffner N, Feichtinger X and 
Schaden W. The role of shockwaves in the en-
hancement of bone repair - from basic princi-
ples to clinical application. Injury 2021; 52: 
S84-S90.

[26] Kwok IHY, Ieong E, Aljalahma MA, Haldar A and 
Welck M. Extracorporeal shock wave treat-
ment in foot and ankle fracture non-unions - A 
review. Foot (Edinb) 2022; 51: 101889.

[27] Shimozono R, Nakatani T, Hiroshima Y, Takeu-
chi M and Onga T. Extracorporeal shockwave 
therapy for the treatment of scaphoid delayed 
union in a tennis player: a case report. Trauma 
Case Rep 2022; 39: 100642.

[28] Zhao Y, Wang J, Wang M, Sun P, Chen J, Jin X 
and Zhang H. Activation of bone marrow-de-
rived mesenchymal stromal cells-a new mech-
anism of defocused low-energy shock wave in 
regenerative medicine. Cytotherapy 2013; 15: 
1449-1457.

[29] Gadomski BC, McGilvray KC, Easley JT, Palmer 
RH, Jiao J, Li X, Qin YX and Puttlitz CM. An in-
vestigation of shock wave therapy and low-in-
tensity pulsed ultrasound on fracture healing 
under reduced loading conditions in an ovine 
model. J Orthop Res 2018; 36: 921-929.

[30] Cen C, Cao Y, Zhang Y, Hu C, Wang Y, Xia K, Liu 
C and Qiu B. Synergistic effects of autologous 
platelet-rich plasma combined with an extra-
corporeal shock wave in treatment of long di-
aphysis aseptic nonunion. Orthop Traumatol 
Surg Res 2024; 110: 103417.

[31] Ginini JG, Emodi O, Sabo E, Maor G, Shilo D 
and Rachmiel A. Effects of timing of extracor-
poreal shock wave therapy on mandibular dis-
traction osteogenesis: an experimental study 
in a rat model. J Oral Maxillofac Surg 2019; 77: 
629-638.

[32] Chen Q, Xia C, Shi B, Chen C, Yang C, Mao G 
and Shi F. Extracorporeal shock wave com-
bined with teriparatide-loaded hydrogel injec-
tion promotes segmental bone defects healing 
in osteoporosis. Tissue Eng Regen Med 2021; 
18: 1021-1033.

[33] Alshihri A, Niu W, Kämmerer PW, Al-Askar M, 
Yamashita A, Kurisawa M and Spector M. The 
effects of shock wave stimulation of mesen-
chymal stem cells on proliferation, migration, 
and differentiation in an injectable gelatin ma-
trix for osteogenic regeneration. J Tissue Eng 
Regen Med 2020; 14: 1630-1640.

[34] Chen Y, Xu J, Huang Z, Yu M, Zhang Y, Chen H, 
Ma Z, Liao H and Hu J. An innovative approach 
for enhancing bone defect healing using PLGA 
scaffolds seeded with extracorporeal-shock-
wave-treated bone marrow mesenchymal stem 
cells (BMSCs). Sci Rep 2017; 7: 44130.

[35] Kobayashi M, Chijimatsu R, Yoshikawa H and 
Yoshida K. Extracorporeal shock wave the- 
rapy accelerates endochondral ossification 
and fracture healing in a rat femur delayed-
union model. Biochem Biophys Res Commun 
2020; 530: 632-637.

[36] Sung PH, Yin TC, Chai HT, Chiang JY, Chen CH, 
Huang CR and Yip HK. Extracorporeal shock 
wave therapy salvages critical limb ischemia in 
B6 mice through upregulating cell prolifera- 
tion signaling and angiogenesis. Biomedicines 
2022; 10: 117.

[37] Retameiro ACB, Neves M, Tavares ALF, Boaro 
CDT, Rodriguez DFS, Stein T, Costa RM, Berto-
lini GRF and Ribeiro LFC. Physical exercise and 
low-level laser therapy systemic effects on the 
ankle joint in an experimental rheumatoid ar-
thritis model. J Manipulative Physiol Ther 
2022; 45: 248-260.

[38] Kamiike K, Mori T, Yoshiya S, Kawaguchi K and 
Fukunishi S. Effectiveness of single leg stand-
ing up exercise for recovery of knee muscle 
strength and lower extremity motion function 
following anterior cruciate ligament recon-
struction. J Joint Surg Res 2023; 1: 179-185.

[39] Collis JM, Mayland EC, Wright-St Clair V, Rashid 
U, Kayes N and Signal N. An evaluation of wrist 
and forearm movement during purposeful ac-
tivities and range of movement exercises after 
surgical repair of a distal radius fracture: A ran-
domized crossover study. J Hand Ther 2023; 
36: 593-605.

[40] Taheri P, Khosrawi S and Ramezani M. Extra-
corporeal shock wave therapy combined with 
oral medication and exercise for chronic low 
back pain: a randomized controlled trial. Arch 
Phys Med Rehabil 2021; 102: 1294-1299.


