
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Nonunions. Surgery and low-intensity ultrasound treatment

Nolte, P.A.

Publication date
2002

Link to publication

Citation for published version (APA):
Nolte, P. A. (2002). Nonunions. Surgery and low-intensity ultrasound treatment. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/nonunions-surgery-and-lowintensity-ultrasound-treatment(cf61ce01-42fc-4bb2-9c29-2cccba7c451c).html


C h a p e r 

Discussion 





Discussion 
This thesis is aimed at investigating some specific surgical 

interventions of nonunions and the effects of low-intensity pulsed ultrasound on bone 

healing. It is not meant to be a rewrite of the famous book by Weber14 on the surgical 

principles of treating a nonunited bone. The stabilization of an ununited bone is of paramount 

importance. Biomechanical factors, such as varus deformation in femoral neck nonunions, 

play an important role. The dislocating varus forces can be transformed into compression 

at the nonunion site by a subtrochanteric valgisation osteotomy. Furthermore, biological 

factors are also important to achieve bone healing. 

In general, osteosynthesis using a plate and screws is sufficient to fix nonunions of the long 

bones. Diaphyseal femoral13 and tibial9 nonunions can effectively be treated by reamed, 

intramedullary nailing. The advantage is earlier walking with full weigthbearing. However, 

shortening and malrotation, which can occur after intramedullary nailing, can usually be 

avoided using plate osteosynthesis. 

In scaphoid nonunion it is necessary to create stability and viable bone tissue. Osteosynthesis 

and bone grafting are the standard treatment for scaphoid nonunions. We found that 

osteo-arthritis developed whatever the treatment. The damage to the cartilage probably 

occurs during the initial trauma to the scaphoid. The surgical treatment of a symptomatic 

nonunion is nevertheless worthwhile. None of the operative techniques used was superior 

to any other. If symptomatic osteoarthritis develops an arthrodesis is the next step in 

nonunion treatment. 

The treatment of a painful disabling midshaft clavicular nonunion is normally surgery with 

the use of plate and screws, with or without a bone graft. The overall bone healing rate is 

between 95 and 100%. However, the incidence of brachialgia is underestimated. In the 

series, described in this thesis, the incidence of preoperative brachialgia was 45%. We were 

particularly alert to symptoms of brachialgia. The better results of operative treatment using 

the wave plate technique are due to no recurrence or to no development of brachialgia. 

The logical explanation seems to be that the callus formation occurs under the wave plate 

away from the brachial plexus. The study was flawed in that it was not randomized thereby 

introducing some bias. For instance, we may have been more meticulous in our operative 

technique near the brachial plexus with the wave-plate osteosynthesis. However, surgical 

technique was standardized and all operations were performed by experienced orthopaedic 

surgeons. The cases of postoperative brachialgia with standard osteosynthesis were not 

selectively the first patients treated for a clavicular nonunion. Surgeons were aware of the 

problem of callus formation near the brachial plexus from the beginning of the study. 

In the Netherlands low-intensity pulsed ultrasound has recently become available for 
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treatment of patients with a nonunion. Based on the effect of ultrasound in diaphyseal and 

metaphyseal fractures, with its shortening of the time to healing of 30-40%, the effectiveness 

of this specific signal has been established. The study of Emami et al.,2 which showed no 

effect of low-intensity ultrasound in reamed internally fixed tibial fractures, has some flaws. 

First, the number of patients needed for sufficient statistical power would exceed the 32 

patients used in the study. Second, the ultrasound treatment period was 2.5 months compared 

to 4.5 months in other studies. The tibial fracture was treated using reamed intramedullary 

osteosynthesis, thereby introducing other potential forms of bone stimulation (i.e. stabilization 

and bone graft). Thirdly, it is not known whether the patient and fracture characteristics were 

comparable and evenly devided between the active and placebo group. The statement that 

the presence of metal (osteosynthesis) might influence the effect of low-intensity ultrasound 

is subverted by experimental work5 and the study presented in Chapter 6. 

The exact mechanism of action of low-intensity ultrasound is not known. The 

micromechanical force of the ultrasound signal might influence cell activity,3 vascularity and 

angiogenesis.5 In our in vitro experiment, presented in Chapter 5, direct stimulation of 

calcifying chondrocytes and osteoblasts was seen. To further investigate this effect, a 

subsequent study histomorphometry of the rudiments is being undertaken. 

Based on the studies described in this thesis, application of low-intensity ultrasound should 

be considered in patients, who have a higher than normal chance of developing a nonunion 

after fracture or osteotomy. Patients with diabetes mellitus should be offered the opportunity 

to address ultrasound bone growth stimulation principally to prevent a Charcot deformation 

in case neuropathy occurs.10 Smokers should be told that they have a higher incidence of 

nonunion development and that ultrasound treatment is one possible way of decreasing 

the negative effect of smoking on bone healing. Generally every patient should be aware 

of the possibility of enhancing fracture healing through external daily application of low-

intensity ultrasound. 

Further experiments on the effect of pulsed low-intensity ultrasound include the effect on 

ingrowth of uncemented (total hip) implants,11'12 cartilage,17 spinal fusion,3 and dental 

application.4 

References 
1 Cook 5D, Salkeld SL, Popich-Patron L5, Ryaby JP, Jones DG, Barrack RL. 

Improved cart i lage repair after t reatment w i t h low-intensity pulsed u l t rasound. Clin Orthop 
2001;291S:S231-43. 

2 Emami A, Petrén-Mallmin M, Larsson S. No effect of low-intensity ultrasound on healing t ime of 
intramedullary fixed tibial fractures. J Orthop Trauma 1999;4:252-7. 

3 Glazer PA, Heilmann MR, Lotz JC, Bradford DS. Use of ultrasound in spinal arthrodesis; a rabbit 
model . Spine 1998;23:1142-8. 

1 10 



4 Korstjens CM, Nolte PA, Klein-Nulend J, Albers GHR, Burger EH. Effecten van lage intensiteit ultrageluid 
op het bot - Perspectieven voor de Tandheelkunde. Nederlands Tijdschrift voor Tandheelkunde 
2002, in press [Dutch] 

5 Pilla AA, Mont MA, Nasser PR, Khan SA, Figueiredo M, Kaufman JJ, Siffert RS. Non-invasive low-
intensity pulsed ultrasound accelerates bone healing in the rabbit. J Orthop Trauma 1990;4:246-53. 

6 Rawool NM, Goldberg BB, Forsberg F, Winder AA, Talish RJ, Hume E. Power Doppler assessment of 
vascular changes during fracture treatment wi th low-intensity ultrasound. Trans 83'd Radiol Soc North 
Am 1997,83:1 185. 

7 Rijt van der RHH, Klein-Nulend J, Albers GHR, Burger EH. Low-intensity ultrasound stimulation of 
human chondrocytes in vitro. Proc AAOS 2002;feb 13-17;P542. 

8 Rubin C, Bolander M, Ryaby RP, Hadjiargyrou M. The use of low-intensity ultrasound to accelerate 
the healing of fractures. J Bone Joint Surg [Am] 2001;83A:259-70. 

9 Sledge SL, Johnson KD, Henley MB, Watson JT. Intramedullary nailing wi th reaming to treat nonunion 
of the tibia. J Bone Joint Surg [Am] 1989;71A:1004-19. 

10 Strauss E, Gonya G. Adjunct low-intensity ultrasound in Charcot neuroarthropathy. Clin Orthop 
1998;349:132-8. 

1 1 Tanzer M, Harvey E, Kay A, Morton P, Bobyn JD. Effect of noninvasive low intensity ultrasound on 

bone growth into porous-coated implants. J Orthop Res 1996;14:901-6. 
1 2 Tanzer M, Kantor S, Bobyn JD. Enhancement of bone growth into porous intramedullary implants 

using non-invasive low intensity ultrasound. J Orthop Res 2001;19:195-9. 
1 3 Webb LX, Winquist RA, Hansen ST. intramedullary nailing and reaming for delayed union or nonunion 

of the femoral shaft. Clin Orthop 1986;212:133-41. 
14 Weber BG, Cech O. Pseudarthrosis. 1976, Huber, Bern Stuttgart Wien. 

111 




