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Abstract
Background: Extracorporeal shockwave is recommended as the �rst choice for the treatment of fracture
nonunion, However, some patients with fracture nonunion have poor response to extracorporeal
shockwave therapy. The present study aimed to investigate related factors which may affect the clinical
e�cacy of extracorporeal shockwave on fracture nonunion.

Methods: Ultrasound examination was applied to observe nonunion gap, local blood supply, hardness of
callus and hematoma formation before and after extracorporeal shockwave therapy. The patient's
condition was followed up for 12 months after extracorporeal shockwave therapy. Four correlations and
regression analysis methods were applied to analyze the factors which were correlated the clinical
e�cacy of extracorporeal shockwave. Receiver-operating characteristic analysis revealed that the cut-off
of the fracture nonunion gap was 4.200 mm and the cut-off of the hardness of callus/impulse energy
was 2.555. Single factor linear correlation analysis, multi-factor linear regression analysis, single-factor
logistic regression analysis were applied.

Results: The four ultrasound signs were signi�cantly correlated with extracorporeal shockwave therapy:
nonunion gap (r = -0.723; OR = 3.074), local blood supply (r = 0.611; OR = 0.191), hardness of
callus/impulse energy (r = -0.510; OR = 19.942), and hematoma formation (r = 0.722; OR = 0.015).

Conclusions: Nonunion gap larger than 4.200 mm and hardness of callus/impulse energy larger than
2.555 are risk factors of extracorporeal shockwave therapy outcome, and good local blood supply and
effective hematoma formation induced by extracorporeal shockwave therapy are protective factors. By
analyzing the related factors of extracorporeal shockwave therapy on fracture nonunion, clinicians may
screen out the patients with fracture nonunion who are not suitable for extracorporeal shockwave therapy,
and reduce the risk of fracture nonunion.

Background
Nonunion of bone is the body's inability to heal a fracture. The most agreed-upon standard de�nition of
nonunion made by the FDA is a fracture that persists for a minimum of nine months without signs of
healing for three months[1]. Fracture nonunion increases the psychological pressure of patients and
increases the economic burden of the family and society. Extracorporeal shockwave therapy (ESWT) has
been widely used to treat many orthopedic diseases and proven to be effective and non-invasive[2–4].
Many studies have investigated the effects of extracorporeal shockwave on bone repair; and positive
effects have been demonstrated in both acute fracture and fracture nonunion. Some studies report that
ESWT has the same effect as surgical repair on fracture nonunion, and extracorporeal shockwave can be
recommended as the �rst choice for the treatment of fracture nonunion[5–7].

However, it has also been found that some patients with fracture nonunion have poor response to ESWT
[8]. The patients with fracture nonunion often need to be observed for 3–6 months or even more than 12
months after ESWT. For the patients who do not respond well, ESWT may delay surgical treatment,
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increase osteoporosis, and even risk internal �xation fractures, which may affect the effect of subsequent
surgical bone grafting [9].

After more than 40 years of continuous development, ultrasound examination (UE) has provided more
and more information and help for the clinical diagnosis and treatment of orthopedic diseases.
Musculoskeletal ultrasound has become one of the main clinical imaging diagnostic techniques like X-
ray, CT, and MRI for the musculoskeletal system[10].Moreover, compared with other imaging techniques,
high-resolution musculoskeletal ultrasound is effective, inexpensive, and without radiation exposure in
fracture assessment[11]. The present article discusses related factors in�uencing the effect of
extracorporeal shockwave in the treatment of fracture nonunion, and provides a theoretical basis for the
patients with fracture nonunion to choose appropriate treatment in time.

Methods

Patient population 
Sixty-three nonunion patients (seventy-two bones) came to our hospital for treatment and met the
inclusion criteria from January 2016 to December 2019. Among them, forty-three were males and twenty
were females, with an average age of 41.4±14.0 years old (range 11-76). The most common sites
involved were the femur and tibia. The average time from initial fracture treatment to extracorporeal
shockwave intervention was 12.6 months (9 months to 3.5 years). Inclusion criteria: All patients received
external �xation or internal �xation after fracture. The fracture line was still clear on X-ray examination 9
months after the fracture, and there was no sign of healing. The coagulation test was normal, the local
soft tissues were in good condition, without skin lesions or infections. Exclusion criteria: all patients
whose clinical diagnosis did not meet the diagnostic criteria of nonunion; infectious nonunion, obvious
hardening of the fractured end, pathological fracture, active osteomyelitis, wearing a pacemaker, skin
injury, severe local scars, severe coagulation patients with dysfunction were excluded. All patients and
their family were informed and signed a consent form. This study was formally approved by the ethics
committee of Shanghai sixth people’s hospital (Approval No:2016-023). 

Treatment of nonunion
Shockwave orthopedic therapy device was applied to treat fracture nonunion (HK.SWT-200, Shenzhen
Huikang Medical Equipment Co., Ltd. Shenzhen, China). ESWT procedures were performed according to
the following principles: 1) X-ray combined with ultrasound was used to locate nonunion and to select
points to treat; 2) the transfer form of shock wave source energy was focused, and each point received
2,000 impulses; 3) impulse energy was as high as patients could tolerate. Generally, the energy range was
0.26 0.39 mJ/mm2; 4) after the treatment of one impact point, checking whether the skin of the impact
site was damaged. 5) treatment involved �ve sessions with intervals of one day between sessions; 6)
adequate intakes of calcium and vitamin D after ESWT were ensured[3, 12, 13]. 
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Ultrasound examination and outcome measurements
All patients underwent UE before and after ESWT using a 9L4 (4-9 MHz) transducer and an Acuson
S3000 ultrasound system (Siemens Medical Solutions USA Inc.). The initial ultrasound examination was
performed before ESWT to observe the size of nonunion gap, blood supply of the nonunion area, and
hardness of callus. After ESWT, ultrasound was performed again to observe the formation of
subperiosteal hematoma in the nonunion area. The maximum value of the nonunion gap was selected
and measured in millimeters (mm). Local blood supply was divided into 1 to 4 grades (corresponding to
poor, bad, good, and very good respectively) according to two designated doctor’s experiences since there
was no quantitative method available for this measurement. The two doctors had been specially trained
before doing this work. Hardness of callus was measured by acoustic radiation force impulse (ARFI), and
shear wave velocity[14]. However, considering the hardness was related to the extracorporeal
shockwave impulse energy, we changed this sign to hardness of callus/impulse energy. The periosteal
reaction was de�ned as periosteum hematoma formation after original ESWT and the ultrasound sign
was the presence of a hypoechoic band or �uid dark area under the periosteum which we graded as 0
(absent) or 1 (present). 

All patients were followed up for 12 months after ESWT. In order to provide an objective basis for judging
the in�uence of extracorporeal shockwave on fracture nonunion, the fracture site was examined by X-
ray (Discovery XR650 X-ray system, GE Healthcare, US) before and 12 months after ESWT. During the
treatment, the unstable fracture end of the patient was immobilized, and other chronic diseases were
treated [15]. By comparing the X-ray images before and 12 months after ESWT, areas of new healing
could be observed and outcomes were graded according to the newly-healing area of nonunion: 0–20%
healing area was de�ned as grade 0, 20–40% as grade 1, 40–60% as grade 2, 60–80% as grade 3, and
80–100% as grade 4 (see detail in supporting information: S. 1–S. 5). 

The devices should be tested to ensure that it can be used normally, and sterilize the impact gun head,
and prepare the required medium coupling agent.

Statistical analysis
All data were analyzed using SPSS 19.0 (IBM Corp., Armonk, NY, USA), with the level of signi�cance set at
P < 0.05. Data analysis included descriptive statistics, single factor linear correlation analysis of the four
ultrasound signs, multi-factor linear regression analysis, single-factor logistic regression analysis, and
receiver-operating characteristic (ROC) testing to analyze the nonunion gap and hardness of
callus/impulse energy. (Outcome was changed to good prognosis (healing grade 3, 4) or bad prognosis
(healing grade 1, 2) for single-factor logistic regression analysis and ROC tests).

Results
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1. Fracture nonunion site and the effect of ESWT on fracture
nonunion after 12 months
Sixty-three patients, including seventy-two nonunion sites were included in our study. Seventy-two
nonunion sites were observed, involving the femur (n = 26), tibia (n = 19), humerus (n = 10), neck of femur
(n = 3), �bula (n = 7), ulna (n = 3), radius (n = 2), clavicle (n = 1), and metacarpus (n = 1). By comparing X-
ray images before and 12 months after ESWT, the healing of all fracture nonunion was found to be
different. Among these nonunion, 19 achieved grade 4 healing (26%), 23 achieved grade 3 healing (32%),
ten achieved grade 2 healing (14%), 13 had grade 1 healing (18%) and seven had grade 0 healing (10%).

2. The relationship between the four ultrasound signs and
nonunion healing after ESWT
The results of single-factor linear correlation analysis are shown in Table 1, single factor logistic
regression analysis in Table 2 and multi-factor linear regression analysis is shown in Table 3.

 
Table 1

Single-factor linear regression analysis of ESWT outcome.

  Pearson Sig. 95%CI

Gap of nonunion -0.723 0.000 -0.447 -0.281

Local blood supply 0.611 0.000 0.558 1.056

Hardness of callus/impulse energy -0.510 0.000 -2.023 -0.846

Hematoma formation 0.722 0.000 1.464 2.331

 
Table 2

Single-factor logistic regression analysis of ESWT outcome.

  OR Sig. 95%CI

Gap of nonunion 3.074 0.000 1.718 5.500

Local blood supply 0.191 0.000 0.087 0.419

Hardness of callus/impulse energy 19.942 0.000 4.385 90.69

Hematoma formation 0.015 0.000 0.003 0.069
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Table 3

Multi-factor linear regression analysis of ESWT outcome.

  t Sig. 95%CI

Gap of nonunion -5.224 0.000 -0.275 -0.123

Local blood supply 3.268 0.002 0.123 0.509

Hardness of callus/impulse energy -2.056 0.044 -0.795 -0.012

Hematoma formation 4.288 0.000 0.477 1.307

Then, ROC analysis revealed that cut-off value of the fracture nonunion gap was 4.200 mm and the
hardness of callus/impulse energy was 2.555, respectively (Fig. 1). The ultrasound result of nonunion
gap measuring showed that the diameters of the defects directly (Fig. 2). The ultrasound result for local
blood supply detecting showed the grade of blood supply of callus in each patient (Fig. 3). The ARFI
measured the hardness of callus clearly (Fig. 4). Ultrasound detection showed hematoma (Fig. 5). These
four ultrasound signs were signi�cantly correlated with extracorporeal shockwave therapy: nonunion gap
(r = -0.723; OR = 3.074), local blood supply (r = 0.611; OR = 0.191), hardness of callus/impulse energy (r =
-0.510; OR = 19.942), and hematoma formation (r = 0.722; OR = 0.015).

Discussion
ESWT has less trauma, low risk, accurate curative effect, and is a good choice for fracture nonunion
patients who do not want to undergo surgery. It has shown the ability to induce healing of bone such as
tibia, femur, and wrist, et al. in some studies [16, 17]. In this study, forty-two of 72 fracture nonunion, are
grade 3 and 4 healing, accounting for 58% of the total number of fracture nonunion. This result further
proves that ESWT has a better therapeutic effect on nonunion.

However, some patients do not get satisfying e�cacy after ESWT and delay time to choose more
effective other treatments. In this study, thirty of the seventy-two fracture nonunion have a healing grade 
≤ 2, indicating that doctors need a way to determine early whether ESWT is effective for fracture
nonunion. Applying UE, we �nd that some factors may be correlated to the effect of ESWT on fracture
nonunion.

Statistical analysis revealed that nonunion gap was signi�cantly correlated with ESWT outcome (r =
-0.723) and was a risk factor in nonunion healing (OR = 3.074) (Table 1 and Table 2). In our study, 18
nonunion had a gap of > 5 mm and only one (5.5%) achieved healing of grade 3. To further investigate
the correlation between nonunion gap and outcome, we performed ROC analysis and calculated that the
cut-off was 4.200 mm. It meant that the prognosis would be poor if the nonunion gap was > 4.200 mm
(Fig. 1). Previous studies had reported that a nonunion gap of > 5 mm indicated a poor prognosis with
ESWT[8], and our study supported this conclusion. In addition, we found that the results of the nonunion
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gap measured by ultrasound and X-ray were consistent, but ultrasound technology had the advantage of
observing the nonunion gap from multiple angles. [18, 19].

Local blood supply had a strong effect on bone healing and nonunion frequently occur in fractures with
poor blood supply[18, 19], such as in fractures of the scaphoid bone or distal tibia. Our study revealed
that good local blood supply was a protective factor in nonunion (OR = 0.191), and was signi�cantly
correlated with ESWT outcomes (r = 0.611) (Table 1 and Table 2). Moreover, we found that fracture
nonunion of the femoral neck and distal tibia had a poor blood supply and weak response to ESWT. In
contrast, fracture nonunion of the femur and humerus had an abundant blood supply and showed a
strong response to ESWT[18, 19].

ESWT is a form of “mechanotherapy”. Impulse energy is conducted to the nonunion callus and
periosteum via its “mechano-transduction” effect[20]. The impulse energy causes formation of micro-
fractures and hematoma, and thus reactivates the fracture-healing mechanism[21]. According to this
mechanism, we hypothesized that: effective micro-fracture and hematoma formation induced by ESWT
was very important; micro-fracture was related to the hardness of callus and impulse energy. ARFI was a
technique already in use to estimate the hardness of thyroid nodules or atherosclerotic plaques[22, 23].
Here, we adopted it as an innovative approach to estimating the hardness of callus, and found it
practicable. After linear-regression analysis and logistic regression analysis, we found that hardness of
callus/impulse energy was a risk factor of ESWT outcome (OR = 19.942), and was signi�cantly correlated
to outcome (r = 0.510) (Fig. 4). To further analyze the correlation between hardness of callus/impulse
energy and ESWT outcome, ROC analysis was used (cut-off point of hardness of callus/impulse energy = 
2.555) and this revealed that the prognosis was poor if hardness of callus/impulse energy was > 2.555.
Moreover, hematoma formation was also signi�cantly correlated to outcome (r = 0.722) and acted as a
protective factor of ESWT outcome (OR = 0.015) (Fig. 5).

To eliminate confounding factors, multiple linear regression analysis was performed and this revealed
that the four ultrasound signs correlated signi�cantly with ESWT outcome, with a signi�cance rank of:
fracture nonunion gap (t = -5.224) > hematoma formation (t = 4.288) > local blood supply (t = 3.268) > 
hardness of callus/impulse energy (t = -2.056). The above results indicated that some factors might
corelated to the clinical e�cacy of ESWT on fracture nonunion.

Our study still has several limitations. Firstly, the sample size of the present study is insu�cient, which
may be correlated to nonunion morbidity; secondly, there is currently no objective standard to identify
local blood supply and the outcome of nonunion, which means our standard depends on the clinical
experience of the doctor and may be subjective. The further expanded sample size and the uni�ed
standards in clinical can help to con�rm the conclusion.

In summary, Nonunion gap larger than 4.200 mm and hardness of callus/impulse energy larger than
2.555 are risk factors of ESWT outcome, and good local blood supply and effective hematoma formation
induced by ESWT are protective factors. By analyzing the related factors of extracorporeal shockwave
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therapy on fracture nonunion, clinicians may screen out the patients with fracture nonunion who are not
suitable for ESWT, and reduce the risk of fracture nonunion.

Abbreviations
ESWT Extracorporeal shockwave therapy ROC Receiver-operating characteristic; ARFI Acoustic radiation
force impulse UE: Ultrasound Examination 
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Figures

Figure 1

ROC test of cut off of gap of fracture non-unions and hardness of callus/impulse energy.
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Figure 2

Ultrasound for nonunion gap measuring (unit: mm).
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Figure 3

Ultrasound for local blood supply detecting (A: grade1 B: grade2 C: grade3 D: grade4).
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Figure 4

ARFI for measuring hardness of callus (units: m/s and cm).
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Figure 5

Ultrasound for hematoma detecting (A: hematoma formation B: non-hematoma formation). The red
arrows show the locations of hematoma and non-hematoma formation.
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