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Table 1. Assessment of each group comparability

Parameter Cs}?cl)i}g; ((:;I:ggl
Age (years) 44.9 31~62) 38.5 (19~62)
Gender
Male 5
Female
Location
Femur
Tibia 6 0
_ Nonunion type
Hypertrophic 7 4
Oligotrophic 1 4
Initial diagnosis
Closed 5 7
Open grade 1 0 0
Open grade IT 2 0
Open grade III 1 1
Number of prior operation 2.1 2.6
(times)
Smoking
Non-smoker 4 3
Smoker 4 5
Fracture age (days) 500 505
A= ALk
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Table 2. Study group characteristics, initial injury and treatment results

Case Sex/Age * Location Initial Dx" Prior Tx' (No%) Fixation method Tx outcome

1 F62 Femur midshaft Closed  IMnail /BGT (2) Reamed IM nail Healed
2 M"/61 Tibia midshaft OpenIlla EF™/IM nail/BG (3) Reamed IMnail+BG  Failed

3 F/31 Tibia proximal 1/3  OpenIl  IM nail/BG (2) BG Healed
4 M/45 Tibia proximal 1/3 Closed IM nail/BG (2) Plate+BG Healed
5 M731 Tibia proximal 1/3  Closed IM nail/BG (2) Plate+BG Healed
6 F/59 Tibia midshaft Closed M nail/BG (2) BG Healed
7 M/34 Tibia midshaft OpenIl  EF/BG (2) Reamed IM nail+BG ~ Failed

8 M/36 Femur mjdshaft Closed IM nail/BG (2) Reamed IM nail+BG Healed

EF'!: external fixation

Dx dxagn051s, Tx': treatment, No*: number, F*: female, IM nail " : intramedullary nailing, BG": bone graft, M™": male,

Table 3. Control group characteristics, initial injury and treatment results

Case Sex/Age Location Initial Dx" Prior Tx' (No%) Fixation method  Tx outcome

1 F/22  Femur midshaft Closed  IM nail ' /Dynamization/IM nail Reamed IM nail+BG ~ Failed
& BGY (3)

2 M"/42 Femur subtrochanter Closed IM nail/plate & BG/IM nail & BG (3) Gamma nail+BG Failed

3 M/4] Femur supracondylar Open Illa EF'/plate/IM nail & BG (3) Plate+BG Failed

4 M/48 Femur midshaft Closed IM nail/IM nail & BG (2) Reamed IM nail+BG ~ Healed

5 M/25 Femur midshaft Closed  Plate/IM nail & BG (2) Reamed IM nail+BG Healed

6 M/19 Femur midshaft Closed  IM nail/IM nail & BG (2) Reamed IM nail Healed

7 M/62 Femur midshaft Closed M nail/BG/Dynamization/IM nail ~ Reamed IM nail+BG  Healed
& BG (4)

8 F/M49  Femur midshaft Closed  IM nail/IM nail & BG (2) Reamed IM nail+BG ~ Healed

Dx": dxagnosns Tx': treatment, No*: number, F*: female, IM nail ": intramedullary nailing, B BG: bone graft, M™: male,

EF': external fixation
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Fig. 1. The LIPUS/LASER exposure system (model Hi-
TECH 2000, Nambuk medical, Daejeon, Korea).
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Fig. 2. A 36-year-old male patient with hypertrophic non-
union, 381 days of fracture age, showed complete
union after LIPUS/LLASER treatment. The time
to outcome was 167 days. A: Before the start of
LIPUS/LASER treatment. B: After application of
LIPUS/LASER exposure system.
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Fig. 3. Analysis of the time to complete cortical healing.
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Table 4. Intermediate stages of radiographic healing

No Active Group (days) Control Group (days)

1 71 96
2 92 125
3 115 167
4 141 240

"No: Number of cortex bridged

Fig. 4. A 61-year-old male patient with bone defect of mldshaft of tibia, was eventual]y diagnosed as nonunion, showed
only minimal callus bridging after LIPUS/LASER treatment. A: Before the start of LIPUS/LASER treatment. B:

After application of LIPUS/LASER exposure system.,
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Table 5. Comparison between nonunion type, smoking habits of each groups

Control Group

Parameters
Healed (%) Radiologic union (days) Healed (%) Radiologic union (days)
Nonunion type
Hypertrophic 71 128 50 247
Oligotrophic 100 202 75 235
Smoking habits
Smoker 60 167 60 245
Nonsmoker 75 114 75 232
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Treatment of Nonunion in the Long Bone with Low Intensity Pulsed
Ultrasound (LIPUS) and LASER

In-Ho Jeon, M.D., Chang-Wug Oh, M.D., Sung-Jung Kim, M.D.,
Hee-Soo Kyung, M.D., I-Hyung Park, M.D., Byung-Chul Park, M.D.,
Joo-Chul Thn, M.D., Jun-Young Yeo, M.D.

Department of Orthopedic Surgery, Kyungpook National University Hospital, Taegu, Korea

Purpose: Low-intensity, pulsed ultrasound (LIPUS) has demonstrated a stimulation and
acceleration of the normal fracture-repair process in cellular bases as well in animal and human
models. In this study, the adjunctive effect of LIPUS and LASER was investigated in established
nonunion of the long bones.

Materials and Methods: Study group consisted of eight patients to whom conventional bone
graft and adjunctive LIPUS and LASER was applied. On the other hand, eight patients in the
control group underwent bone graft only. Eleven men and five women were included in this study
and the average age of the patients was 41.7 years (range, 19~62 years). Six of the tibias and ten
of the femurs met the criteria for established nonunion. The average fracture age, the post-fracture
period before the start of LIPUS/LASER treatment, was 502 days.

Results: Seven of the ten nonunions who were treated by LIPUS and LASER healed completely
in an average treatment time of 141 days (range, 101~202 days) and otherwise, in control group,
five of the eight nonunions healed completely, in 240 days (range, 183~283 days).

Conclusion: This clinical study showed a positive effect of LIPUS and LASER on the rate of
osseous repair, especially accelerated time to initial callus cortical bridging compared to that of
conventional treatment.

Key Words: Long bone, Nonunion, Ultrasound and LASER
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