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De scopische Neer is al enige tijd een operatie om niet aan 
te bevelen, zo valt uit de richtlijn SAPS op te maken. 
De degeneratieve meniscusscheur zou volgens een Finse 
studie ook niet geopereerd dienen te worden. Een operatieve 
behandeling van een hernia lumbalis levert in de follow-up 
ook de nodige problemen op. En laatst verscheen een artikel 
wat gerandomiseerd de conservatieve behandeling voor 
knieartrose vergeleek met de plaatsing van een prothese. 
Het bleek dat de conservatieve behandeling van knieartrose 
een goede behandeling was en een substantieel percentage 
knieplaatsingen voorkwam. 
Dit doet je afvragen wat er in de toekomst van de 
orthopedische chirurgie moet worden verwacht. De aloude 
basale operaties in de orthopedie blijken overbodig te zijn 
of te worden omdat de problemen toch ook conservatief 
goed te behandelen zijn. Management termen als focus 
op rendement, transparantie en value based health care 
worden dan gebruikt om aan te geven dat er een verandering 
gaande is. Vaak wordt hierbij gekeken naar de lange termijn 
en de kosten op die termijn. Deze argumenten worden op 
hun beurt gecounterd door te zeggen dat die operaties op 
de korte en de middellange termijn de operatie toch een 
voordeel geeft. Toch? 
Het sneller weer in beweging zijn of komen is voor de 
patient vaak belangrijker dan het resultaat op de lange 
termijn. De vraag is natuurlijk of dat werkelijk zo is. 
Verbaal opereren is lastiger dan daadwerkelijk opereren.
En zei Darwin niet al eens: “ It is not the strongest species 
that survives, nor the most intelligent, but the one that is 
most able to adept to new circumstances”. 
Het lijkt er dus op dat we de patienten opereren die niet in 
staat zijn zich aan te passen aan de veranderende toestand 
van hun bewegingsapparaat. Maar ook voor de orthopedie 
als vakgebied geldt dit. In hoeverre is de orthopedie in staat 
om zich aan te passen aan de veranderende omstandigheden 
in onze maatschappij? Moeten hand- en polschirurgie, 
traumatologie, conservatieve arthrose behandeling, 
herniachirurgie, behandeling van osteoporose, sportletsels, 
etc. aan de ons omringende vakken worden gelaten of passen 
wij ons aan en vinden wij dat dit ook orthopedie, namelijk 
de zorg voor het steun- en bewegingsapparaat, is? 
De maatschappij daagt ons uit ons aan te passen.

Dr. Taco Gosens, hoofdredacteur
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Introduction

Osteomyelitis remains a frequently occurring 
problem in the orthopaedic practice, either as a 
chronic, longstanding issue, or more recent as a 
consequence of an open fracture. Patients often 
present with various symptoms like pain in the af-
fected limb, local swelling, chronic fistulae or epi-
sodes of fever or sickness. In The Netherlands, an-
nual incidence of osteomyelitis of the long bones 
is estimated to be 0,2 to 1 per 10000. A substantial 
number of these patients need to undergo surgical 
treatment. Cornerstones of the treatment are still 
surgical debridement in combination with adjuvant 
antibiotic therapy.1 
The classical surgical treatment often consists of a 
two-stage regime with debridement of bone and in-
fected tissues in the first stage and reconstruction 
of the bony defect after eradication of the infec-
tion in a second stage. Many research groups have 
recently been looking into more effective ways of 
dealing with this cumbersome problem. Bioactive 
glass (S53P4) is a biomaterial that is suitable to 
fill bony defects (Figure 1). One unique property 

is that it is also antibacterial, in a way that differs 
from the normal antibiotic working mechanism, 
thereby reducing the chance of induction of resist-
ance in the long term.2 It can therefore be used in 
an infected site and the main advantage is that the 
surgical approach becomes a one-stage procedure, 
with obvious benefits for patients and the health-
care system in the whole. Bioactive glass was dis-
covered in the 1960’s and initially used mainly in 
the fields of otorhinolaryngology and maxillofacial 
surgery.3 Orthopaedics is a relatively new field for 
the use of this biomaterial. However, since Euro-
pean approval for this composition was given, bio-
active glass has been readily available as BonAlive® 
(BonAlive Biomaterials Ltd., Turku, Finland), and 
many papers have been published with good results 
in the treatment of osteomyelitis.4-7 In this paper 
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Treatment of osteomyelitis by means of bioactive 
glass - initial experience in the Netherlands

Jan Geurts, Timothy Vranken and J.J. Chris Arts

Background: osteomyelitis is a challenging condition for the patient and the doctor. It involves surgery and a long 
course of antibiotics. Gold standard treatment is still a two-stage procedure with intermittent administration of gen-
tamycin beads. Recently, new biomaterials have come on to the market that may change the way we treat this prob-
lem. This study evaluates the first series of fifteen patients in The Netherlands treated with bioactive glass.
Methods: A consecutive series of 15 patients with chronic osteomyelitis were included since 2011 and retrospectively 
evaluated. Patients received debridement of the osteomyelitic lesion which was then filled with bioactive glass and 
adjuvant antibiotic therapy.The primary endpoint was eradication of the infection.
Results: All 15 patients in this cohort had eradication of infection as demonstrated by normalisation of inflammatory 
parameters and closure of existent fistulae, after a mean follow-up of 21,6 months (range 5,4-47,4). one patient with 
a femoral fracture needed additional surgery, but this did not interfere with eradication of the infection.
Conclusion: Based on the results of our initial experience bioactive glass can be used successfully in a one-stage fashion 
for the treatment of chronic osteomyelitis. As a consequence we changed our institutional protocol for treatment of 
chronic osteomyelitis and are no longer performing a two-stage procedure. Proper surgical debridement, however, 
remains the most important aspect of the treatment.

Figure 1. Bioactive glass.
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we report our initial experience with bioactive 
glass since 2011. To date this is the biggest Dutch 
series of BonAlive®.

Material and Methods

BonAlive® was introduced in Maastricht in 2011. 
Alongside the surgical treatment, all patients re-
ceived a 6 week course of antibiotics, of which 
principally the first two weeks were intravenous 
and the remainder  oral. Antibiotics were adjusted 
to the causative germ as soon as results of culture 
specimens were available. Patient demographics 
were recorded, as well as relevant medical history, 
previous surgeries, location of the osteomyelitis, 
Cierny-Mader classification of the osteomyelitis 
and host type, pathogen, and diagnostic modali-
ties. There were no exclusion criteria. All patients 
were consented and approval was gained from the 
local medical ethical committee. 
From 2011 to date, 15 patients with chronic osteo-
myelitis were included. Mean follow-up was 17,5 
months (range 2,5-44 months). For demographic 
data, see Table 1.

Patient characteristics (Table 1)
Eleven males and 4 females were included (average 
age 51 years, range 14-77) . Location of the infec-
tion was tibia in 7, femur in 6, iliac crest in 1 and 
calcaneus in 1. The majority of patients had un-
dergone multiple operative procedures in the past 
(average 3, range 0-10). Aetiology was haematog-
enous in 3 patients, post-traumatic in 8 and post-

surgical in 4. 3 patients had an infected non-union. 
According to Cierny & Mader anatomo-pathological 
classification 7 patients were classified as Stage 1 
osteomyelitis, 1 as Stage 2, 3 as Stage 3 and 4 as  
Stage 4.8 Host type was classified according to 
McPherson : 9 A-hosts, 5 B and 1 C.9

Preoperative clinical data
Preoperative work-up consisted of plain film X-Rays 
of the affected limb, inflammatory parameters 
(sedimentation rate, leucocyte count and differ-
entiation, CRP) and often FDG PET-CT. The latter 
to determine if any sequesters were present in the 
bone and to evaluate the extent of the infection in 
the bone as well as the soft tissues (Figure 2).10 
Average preoperative sedimentation rate was 30 

Figure 2. PET-CT showing bony and soft tissue 
involvement.

Table 1. Patient characteristics

 Patient Sex Age Location Previous Pathogenesis Stage Host type Follow-up
     surgeries    (months)

 1 M 47 tibia 2 Post-traumatic 1 A 47,4
 2 M 58 femur 6 Post-traumatic 3 A 45,2
 3 M 57 tibia 10 Post-traumatic 3 A 33,6
 4 F 23 femur 2 Haematogenous 1 A 30,7
 5 M 54 tibia 4 Post-traumatic 2 A 30,7
 6 M 66 femur 0 Haematogenous 4 B 28,7
 7 F 14 tibia 0 Haematogenous 1 A 20,2
 8 F 41 iliac crest 0 Post-surgical 1 A 20,5
 9 M 30 tibia 3 Post-traumatic 4 A 12,8
 10 M 59 femur 8 Post-surgical 4 B 12,6
 11 F 60 femur 3 Post-surgical 1 B 11,7
 12 M 77 tibia 0 Post-surgical 4 C 9,6
 13 M 54 calcaneum 3 Post-traumatic 1 A 9
 14 M 63 tibia 5 Post-traumatic 1 B 6,3
 15 M 71 femur 4 Post-traumatic 3 B 5,4
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(5-120), leucocyte count 8,05 (4,7-12), CRP 36 
(<1-247).

Operative procedure
Initially, osteomyelitis was still treated in a two-
stage fashion: debridement of infected bone and 
soft tissues in the first stage, with gentamycin load-
ed beads as a temporary means of local antibiotic 
treatment and removal of the beads and filling of 
the bony defect in a second stage. This mode of 
treatment was abandoned in favour of a one-stage 
procedure after the first three patients and has 
been used ever since. No tourniquets were used. Si-
nuses were excised elliptically and at the sinus-bone 
interface a cortical window was developed. Culture 
specimens (minimum 5) were taken meticulously 
from the infected site with a “no touch” technique 
(this involves unused, separate instruments for 
each specific specimen, not touching the skin with 
the instruments or specimen and no use of suction 
before cultures are taken, as the suction tip is in-
herently contaminated). Subsequently, all necrotic 
bone was removed until healthy bleeding bone was 
present (positive paprika sign)(Figure 3) and then 
the wound bed was thoroughly washed with saline 
(minimum of 6 litres), diluted betadine (povidone-
iodine 10% in saline) and hydrogen peroxide 3%. The 
bony defect was then filled with BonAlive® granules 
in order to obliterate all the dead space. Wounds 
were closed in layers. No drains were used. 

Results

All 15 patients in this cohort had eradication of 
infection as demonstrated by normalisation of in-
flammatory parameters and closure of existent fis-
tulae, after a mean follow-up of 21,6 months (range 
5,4-47,4). Mean length of stay in the hospital was 
14,8 days (range 2-39). Mean duration of antibiotic 
treatment was 14,3 days of intravenous treatment 
(range 1-33), followed by 38,4 days of oral adminis-

tration (range 0-87). Time to healing, as expressed 
by time between the operation in which bioactive 
glass was administered and normalisation of CRP 
was 48 days (range 7-197) (Table 2).
Causative germ was St. aureus in 6 patients, E. coli 
in 1, Propionibacterium acnes in 1, polymicrobial in 
3 and culture-negative in 4.
There was one complication which required addition-
al surgery : patient 6 sustained a femoral fracture day 
10 postoperatively through the cortical window due 
to non-compliance with weight bearing instructions 
(Figure 4). An external fixator was applied and the 
fracture was fully healed after 4 months (Figure 5).  
Fixator was removed at that time.
Three non-unions were not consolidated at the 
time of last follow-up, however normal callus for-
mation was in progress.

Discussion

In this series of patients we evaluated the use of a 
relatively new biomaterial, namely bioactive glass for 
treating chronic osteomyelitis.  Currently, the gold 
standard treatment is still a two-stage procedure 
that subjects patients to a long hospital stay and the 
increased comorbidity of an added surgical interven-
tion. There is now ample literary proof that bioactive 
glass can be used in the treatment of chronic osteo-
myelitis, in a one stage fashion. Lindfors et al. re-
ported on the treatment of 11 patients with chronic 
long bone or spinal osteomyelitis. Nine out of eleven 
patients had good to excellent outcomes with a mean 
follow-up of 24 months (range 10-38).4 Drago et al. 
prospectively followed a cohort of 27 patients with 

Figure 3. Paprika sign.

Table 2. Results

 lenght of AB IV AB oral Total AB Time to
 stay (d)    healing (days)

 23 21 42 63 22
 39 33 14 47 47
 9 21 49 70 34
 6 14 27 41 21
 22 20 42 62 7
 23 20 48 68 159
 2 2 46 48 6
 5 4 0 4 14
 15 14 28 42 54
 8 3 87 90 197
 16 14 28 42 54
 24 20 69 89 19
 2 1 41 42 64
 15 14 28 42 13
 14 14 28 42 12
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chronic osteomyelitis caused by MRSA in 10 patients 
and mixed flora in 5. At a mean follow-up of 17,8 
months (range 9-30) 24 patients (88,9%) had no signs 
of recurrent infection. 2 showed an infection recur-
rence at 6 months from index operation and one more 
needed further surgical procedures (local muscular 
flap for delayed skin necrosis and bone exposure).7 
Interestingly, the mechanism in which bioactive glass 
acts against bacteriae is very different from the way 
antibiotics work. On the surface of the bioactive glass 
granules, a local reaction causes a rise in osmotic 
pressure and pH, both of which are detrimental for 
survival of the bacteriae. This could mean bacteriae 
are as  yet less capable of protecting themselves and 
becoming resistant, as seen in antibiotic usage. Hu-
man, eukaryotic cells, however, are not vulnerable 
to these changes. Moreover, there is in vitro and in 
vivo evidence that bone formation is stimulated by 
enhancing the osteoblastic phenotype and potenti-
ating growth and maturation of osteoblasts.11,12 This 
mechanism is deemed “osteostimulation”.
One of the criticisms on this paper could be the 
short follow-up, as a recurrence of chronic osteo-
myelitis has been described in literature in cases 
more than 50 and even up to 80 years after initial 
treatment.13-15 Certainty about definitive eradica-
tion can therefore not be guaranteed to patients. 
However, as they have often been suffering for a 
long time with pain, discharging fistulae and flare-
ups, eliminating these factors can give a dramatic 
increase in their quality of life. Longest follow-up 
of patients treated with bioactive glass in the set-
ting of chronic osteomyelitis was reported by the 
group from Oulu University Hospital, Finland with 

59 months (yet unpublished result).

Conclusion

This study describes the first series of patients with 
chronic osteomyelitis treated with bioactive glass in 
The Netherlands. Overall, results seem to be very 
promising, however this is a small series and longer 
follow up is needed. Bioactive glass is a suitable bone 
void filler in the presence of infection, but the surgical 
debridement remains the most important cornerstone 
when dealing with this pathology. Also, the indication 
needs to be clear. This biomaterial does not work as a 
panacea for all chronic infectious problems. Care of 
these complex patients is preferentially referred to 
centres with enough case-load and a multi-discipli-
nary approach in order to obtain the best results.
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Figure 4. Postoperative fracture through femoral corti-
cal window. Bioactive glass in situ.

Figure 5. Consolidation of the femoral fracture.
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Introduction 

Arthroscopic partial meniscectomy is the most fre-
quently performed orthopaedic procedure in The 
Netherlands. In The Netherlands about 30.000 ar-
throscopies for meniscal pathology were performed 
in 2000. In 2010 this has increased to about 42.000, 
of which 65% in the patients who were older than 
45 years of age. This represents an increase of 46% 
in ten years. The percentage of meniscal repair 
was unknown.1 When contemplating a partial me-
niscectomy, we argue the case here by always first 
assessing whether surgery rather than conservative 
treatment would actually benefit the patient, and 
if so, whether repair rather than removal of the 
meniscal tissue is feasible. 

The history of Meniscal Repair.

The first repair attempts. The concept of repairing 
meniscal tissue is not new. By 1883, Scottish surgeon 
Thomas Annandale had described a case of meniscal 
repair. He called the procedure “an option for a dis-
placed semilunar cartilage”. Through an arthroto-
my of the knee the displaced meniscus was reduced 
and stitched into position. The excellent result of 
the repair encouraged Annandale to proclaim that 
this proceeding may now become an established 
means of treatment.2 In 1908, Katzenstein reported 
on a series of seven meniscal repairs with a follow-
up of up to seven years. He used vertical silk sutures 
for the meniscal repair. Katzenstein believed that 
only in a minority of cases resection of the meniscus 
results in a permanently good function. He further 
stated that it did not make any sense to try to suture 
a severely degenerated or malformed meniscus. In 
all the other cases though, he advised strongly in fa-
vour of repairing the meniscus. Interestingly he also 
believed that a traumatic lesion without dislocation 
of the meniscus might heal spontaneously.3 

Meniscal vascularization – from repair to com-
plete resection. Following King’s classic paper in 
1936 on the healing of semilunar cartilages in the 
dog many authors have postulated the importance 
of vascularity to meniscal healing.4 King demon-
strated that meniscal lesions had the potential to 
heal, provided that the lesions were located in the 
peripheral vascular zone. Arnoczky and Warren are 
generally credited as being the first to expose the 
blood supply for each meniscus. In 1982 they illus-
trated a microvascular perimeniscal plexus supplied 
by the vascularized synovial tissue on the periphery 
of the menisci.5 However, by 1946 Smillie reported 
in his book “Injuries of the knee joint” on the study 
by E.J.Poth, which was originally published in 1932 
in which an arterial injection with an opaque me-
dium showed that the blood supply of the meniscus 
was limited to the convex border. In this peripheral 
area a network of vessels were seen entering the 
meniscus from the capsule. The central and con-
cave zones had no blood supply.6 Curiously, these 
fundamental findings did not steer Smillie to link 
the importance of vascularization of the meniscus 
with the possibility of repairing a torn meniscus. 
On the contrary, the peripheral vascularization of 
the meniscus was the basis of Smillie’s philosophy 
in which he stated that when the entire meniscus is 
excised a new meniscus would grow out of the pari-
etal synovial membrane. This new meniscus would 
have basically the same form and general appear-
ance of the original meniscal structure, although 
histological examination revealed fibrous tissue 
only. This altered meniscal structure was not con-
sidered problematic, since the only important func-
tion of the meniscus was supposed to be lubrication 
of articular cartilage. Because of the alleged regen-
erative potential of the meniscus Smillie advocated 
for total excision of the torn meniscus and was op-
posed to partial meniscectomy. To help surgeons in 
performing these total meniscectomies, he devel-
oped the Smillie knife, a knife which has been used 
until deep in the 1980’s at which point arthroscopy 
was introduced and partial meniscectomy became 
the standard treatment for meniscal lesions.6 

Meniscal function – from resection back to repair.  
The loadbearing function of the menisci in the 
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Table 1. Guidelines for Meniscal Treatment

In the Dutch orthopaedic Association (Nederlandse orthopedische Vereniging) guidelines “Knee Arthroscopy; 
indications and treatment”, which were published in 2010.22 The next recommendations were made:

1. A meniscal lesion does not necessarily mean meniscectomy. Wait and see or meniscal repair should be given  
 systematic considerations.
2. If (partial) meniscectomy is performed the peripheral rim should be left intact.
3. Conservative treatment is preferred in degenerative tears without mechanical obstructions.
4. In peripheral meniscal tears in the vascular zone, especially in young patients meniscal repair is 
 recommended. A stable knee is indispensable when considering meniscal repair.
5. A meniscal repair in combination with an anterior cruciate ligament reconstruction (ACL) is preferred over  
 meniscectomy. 

knee, as well as the consequences of removal of 
meniscal tissue for the longevity of articular car-
tilage, started to become clear. In 1948 Fairbank 
examined post meniscectomy knees and noted that 
over time these knees developed joint-space nar-
rowing and femoral condylar flattening. He was 
the first to describe the loadbearing function of 
the meniscus.7

Tapper and Hoover confirmed that the late effect of 
meniscectomy was osteoarthritis; and that the worst 
results could be expected in those patients who were 
less than twenty years old at the time of surgery.8

In the nineteen-seventies it became generally ac-
cepted that the meniscectomy could lead to de-
generative changes in the knee, and that partial 
meniscectomy would have less effect on articu-
lar cartilage than total meniscectomy.9-11 In the 
same period a shift occurred from the traditional 
open (partial) meniscectomy to arthroscopic par-
tial meniscectomy with better clinical results.12,13 
Gradually became evident how variables such as 
total meniscectomy, removal of the peripheral rim, 
lateral meniscectomy, joint instability, degenera-
tive meniscal tears, presence of chondral damage, 
presence of hand osteoarthritis suggestive of ge-
netic predisposition, and an increased body mass 
all have negative influence on the outcome of (par-
tial) meniscectomy.14

Because of the growing understanding of the re-
lationship between loss of meniscal function and 
degeneration of the knee, combined with the con-
current development of arthroscopic techniques, 
the technique of meniscal repair was developed 
to preserve meniscal integrity with encouraging 
results.15-20 In 1990 the first paper on meniscal re-
pair was published in The Netherlands.21 In 2010 
the Dutch consensus for meniscal treatment was 
published in the guideline “Knee arthroscopy; indi-
cations and treatment (Table 1).22

These recommendations are consistent with the 
French guidelines published in 1999.23

Rationale for Maintaining Meniscal Function

It is now generally accepted that both menisci 
have important biomechanical functions within 
the knee joint, and that these functions are to be 
maintained as much as possible. Meniscal functions 
include loadbearing, shock absorption, joint stabil-
ity, joint lubrication, and proprioception. 

Maintaining Meniscal loadbearing. During com-
pression the menisci distribute the joint load and 
protect the articular cartilage by creating a more 
congruent articulation between tibia and femur, 
increasing the contact area and subsequently de-
creasing peak contact pressure on cartilage. The 
menisci are able to move during knee flexion be-
cause they are connected to the tibia through mo-
bile insertion ligaments. The meniscal movement 
ensures maximal congruency with articular surfac-
es during flexion, hereby facilitating load transmis-
sion, stability, and lubrication.24,25 Knee motion 
during rotations demonstrated greater rotations in 
the lateral compartment compared to the medial 
compartment. The marked mobility of the lateral 
meniscus and the limited motion in the posterome-
dial corner might explain the decreased risk of lat-
eral to medial meniscal injuries.26 This is fortunate 
since removal of the lateral meniscus has been 
shown to be more detrimental to cartilage survival 
than medial meniscectomy. (Figure 1) Pena et al. 
showed in a finite element study that the maxi-
mum shear stresses after total and partial lateral 
meniscectomies were 288 and 323% higher than the 
equivalent stresses in the medial counterparts.27

Studies measuring contact stresses on the tibia 
plateau have shown that the menisci transmit 
is at least 50% of the load during the first 90º of 
flexion.28 When loaded in vitro 70% and 50% of the 
loads on the lateral and the medial compartment 
were transmitted through the corresponding me-
nisci, respectively.28 After meniscectomy the con-
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tact area between menisci and articular cartilage 
is reduced which leads to increased peek stress and 
stress concentration on articular cartilage of the 
femur and tibia, and decreased shock absorption.28 
Partial meniscectomy has less detrimental effect 
on articular cartilage than total meniscectomy, 
where degenerative changes are directly propor-
tionally related to the amount of meniscal tissue 
removed.10,29 
However, even partial meniscectomy significantly 
alters the loading situation of the meniscus and its 
attachments. Specifically, the attachment forces 
decreases with increasing the amount of meniscal 
tissue loss, which reflects the impaired ability of 
the meniscus to transform axial load into menis-
cal hoop stress.30 In fact it has been shown that 
simply cutting the peripheral rim of the meniscus 
causes a complete functional meniscal deficiency- 
equivalent to performing a total meniscectomy.31 
This highlights how only a minor change of menis-
cal anatomy could have major effect in joint bio-
mechanics, and that any effort to repair meniscal 
integrity is imperative. For example, LaPrade et al. 
showed that an anatomic repair of the posterior 
horn of the medial meniscus could produce near-
intact contact area and resulted in relatively mini-
mal increases in mean and peak contact pressures 
compared with intact knees.32 

Maintaining joint Stability The effect of joint in-
stability on outcome of meniscectomy has been 
elucidated by Burks et al. They found that patients 
with anterior cruciate ligament (ACL) deficient 
knees had significantly higher radiographic osteoar-
thritis grade changes with more medial joint space 
narrowing after meniscectomy, compared with pa-
tients with ACL-intact knees after meniscectomy. 
Lateral joint space narrowing was not significantly 
different between both groups.33 It is postulated 
that the menisci are not the primary stabilizers of 

the knee joint, but that in ligament insufficient 
knees they assist in joint stability. Levy et al. found 
that isolated excision of the medial meniscus has 
little effect on the forced anterior-posterior dis-
placement of the tibia on the femur. However, 
when medial meniscectomy followed resection of 
the ACL, the displacement was increased signifi-
cantly at all flexion angles. The greatest increase 
was at 90º of flexion.34 The medial meniscus has 
not only been shown to enhance anteroposterior 
stability, but also to provide resistance to varus-
valgus and internal–external rotational loads in 
ACL-deficient knees.35,36 On the other hand, resec-
tion of the lateral meniscus in ACL-deficient knees 
did not change tibio-femoral kinematics compared 
to those in ACL intact knees.37

Briefly, in ACL deficient knees, the medial meniscus 
is of greater importance to knee stability than the 
lateral meniscus. In contrast, the lateral meniscus 
is of greater importance to load transmission than 
the medial meniscus. Hence, for both medial and 
lateral meniscal injuries, restoring meniscal func-
tion is critical. 

Clinical Results of Meniscal Repair

Medium and long-term results of meniscal repair 
have been shown to be successful. The clinical 
success rates for all meniscal repair techniques 
combined in stable knees has ranged from 70 to 
90%. (Figure 2A, 2B) In unstable knees there is a 
decrease in meniscal repair success rate to 30-70%. 
However, when performing an ACL reconstruction 
(ACLR) in conjunction with meniscal repair, several 
studies have demonstrated meniscal repair success 
greater than 90%.38 

Lateral meniscal repairs are expected to heal bet-
ter compared to medial repairs. Interestingly, the 
time interval between trauma and meniscal repair 

Figure 1. 24 year old 
professional football 
player, at the age of 18 
a complete resection of 
a lateral bucket handle 
lesion of the left knee 
was performed. At 
present he is severely 
disabled and is not able 
to play anymore, there 
is severe osteoarthritis 
on the CT arthrogram.
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had no influence on meniscal healing. Instead the 
quality of the meniscal tissue as assessed during 
arthroscopy was the predicting factor for meniscal 
repair survival.39

Despite these encouraging results, data from the 
French Arthroscopy Society showed that meniscal 
repair was only considered in a minority of menis-
cal surgeries, not exceeding the 3-5% limit.40 Unfor-
tunately, it is not stretching to conjecture that the 
balance of meniscectomy to meniscal repair in The 
Netherlands might be very similar to that in France.

Decision Making in Meniscal Injury Treatment 

Conservative treatment. Not all meniscal injuries 
require surgery. For example, in patients with me-
niscal tears and osteoarthritis of the knee no dif-
ferences in knee function were found after one 
year between patients treated with surgery com-
pared to patients treated with an exercise pro-
gram alone.41 In fact, knee function outcomes in 
patients with degenerative meniscal tears without 
locking complaints were no better after partial me-
niscectomy than after sham surgery.42 Neverthe-
less, surgical treatment could be discussed when a 
patient presents with evident mechanical signs like 
locking and catching due to a degenerative menis-
cal lesion. That meniscal debridement should be 
performed here rather than attempting to repair 
the degenerative tissue, is self-explanatory, as de-
generative tears are associated with chronic dam-
age and could be considered one of the first signs 
of knee osteoarthritis.43 Another setting where 
conservative treatment of meniscal injury might 
be considered is the setting of a combined non-dis-
placed lateral meniscal tear and ACL injury. It has 
been shown that the healing response for lateral 
meniscal tears left in situ during ACLR could be as 
high as 74%. For the medial meniscus, however, re-
pair is always indicated in concomitant ACLR to de-

crease the risk of postoperative pain or subsequent 
meniscectomy.44

Meniscal repair. When surgery is likely to benefit 
the patient, certain factors should be assessed to 
determine whether meniscal repair rather than re-
section might be successful.
The vascular supply is the most important factor 
in meniscal healing. Therefore, most meniscal re-
pairs are traditionally performed in the red-red or 
the red-white zone. However, repair is also recom-
mended for simple or complex meniscal tears that 
extend into the avascular zone when the conditions 
are such that a stable repair of a potentially func-
tional meniscus can be obtained. This recommen-
dation is particularly appropriate in young active 
patients in whom removal of meniscal tissue would 
result in major loss of function and risk for future 
knee osteoarthritis.45

The shape and length of the meniscal tear are oth-
er determining factors when contemplating menis-
cal repair. 
The length of the tear affects its stability. Tears 
that are less than 1 cm are considered stable tears 
and do not require repair.44 There are vertical lon-
gitudinal, horizontal, radial, horizontal flap tears, 
vertical flap tear and degenerative or complex 
tears. The root tear, which will be discussed sepa-
rately, is a special traumatic radial tear of the pos-
terior horn ligamentous fixation. 
Longitudinal tears, with a length of more than 1 
cm, located in the red-red or red- white zone are 
most amendable for repair. (Table 2) Horizontal 
tears, on the other hand, are often not repaired 
and are instead partially resected up to the cap-
sule not spareing the peripheral rim. Theoretically 
though, it might be considered that only the under 
layer or only the upper layer should be removed 
depending on the quality and thickness of the tis-
sue. Pujol et al. showed that open repair of hori-

Figure 2A. 18 year old 
professional football 
player with lateral 
bucket handle lesion 
of the left knee.
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zontal tears extending to the avascular zone was 
effective in midterm results in young patients.46

Radial tears are often located in the avascular 
zone. There is debate whether these tears should 
be left alone of treated with partial meniscectomy. 
Especially in younger patients, though a more sub-
stantial radial tear, extending in the red-red zone 
or to the peripheral rim is amendable for repair.18 
Partial meniscectomy of such radial tear extending 
to the capsule would have the same functional ef-
fect as total meniscectomy.31 
As mentioned above, the time interval between 
trauma and meniscal repair has no influence on 
meniscal healing. Instead the quality of the menis-
cal tissue as assessed during arthroscopy is the pre-
dicting factor for meniscal repair survival.39

Meniscal Repair Techniques

Menisci could be repaired using an open 
technique.15,47 Nowadays though, arthroscopic re-
pair has become the standard, consisting of inside-
out, outside-in, or all inside techniques.

The inside-out suturing technique was the first one 
used for arthroscopic meniscal repair, and is still 
being considered the gold standard for meniscal 
repair.48 
After a complete arthroscopic assessment of the 
knee and evaluation of the tear, both margins of 
the tear are debrided using a rasp. Next, the sur-
geon has to decide which repair technique is most 
suited for the meniscal tear; inside-out, outside-in, 
all-inside, or a combination of those. For a detailed 
description of the meniscal repair technique can 
be viewed at www.meniscustransplantatie.nl. 
In the inside-out technique, needles with sutures 
are passed from inside the joint through the menis-
cus on either side of the tear through an arthroscop-
ic cannula. Vertically placed sutures have shown to 
provide stronger fixation than horizontally placed 
sutures.49 On the outside of the knee, a small skin 
incision is then made through which the needles 
are passed and the sutures are tied down to the 
capsule. The inside-out technique is difficult to use 
for posterior horn tears.50 Care has to been taken 
to protect the neurovascular structures posterior 
in the knee. Nonetheless, the inside-out technique 
remains commonly used and has been proved very 
effective. 
In the outside-in technique, sutures are passed 
through the meniscus from the out side. These re-
pairs are limited mostly to the anterior horns.51

All-inside devices were developed to reduce surgi-
cal time. They were made of absorbable polymers 
and consisted of screws, arrows and darts, with un-
fortunate complications such as breakage and ar-
ticular cartilage damage.52-55 The newest all-inside 
repair devices allow placement of sutures in the 
meniscus without an external incision. The menis-
cal repair device is loaded with two small anchors 
bond together with a suture and a sliding knot. 
First, one anchor is pressed through one side of the 
tear, after which the device is repositioned and the 

Figure 2B. MRI was 
made two years after 
meniscal repair and 
showed an intact 
lateral meniscus. 
Today he is 24 years 
old and he has never 
had any knee prob-
lems after the repair. 
He still plays profes-
sional football.

Table 2. Indications for Meniscal Repair

Longitudinal Tear <10 mm

Tears in Red-red zone

Vertical tears

Radial tears extending to the capsule in younger 
patients

Posterior horn root tears

Horizontal tears extending in the avascular zone 
in younger patients

Concurrent ACL reconstruction
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second anchor is put into place. Finally, the suture 
with the sliding knot is tensioned. Biomechanical 
properties of these newer meniscal repair devices 
were as strong as outside-in sutures and signifi-
cantly stronger than previous generation all-inside 
fixation devices.56

Our preferred technique consists of debridement 
of both sides of the meniscal rupture. For posterior 
horn fixation we use an all-inside device, for the 
midportion of the meniscus we use the inside-out 
technique, and for the anterior horn we use the 
outside-in technique. In case of an isolated menis-
cal repair we perform microfracturing in the notch 
to provide cellular elements and biochemical me-
diators that are essential for the repair responses. 
In case of a meniscal repair during a concomitant 
ACL reconstruction there will be sufficient bone 
marrow derived cells postoperatively in the knee 
joint and therefore micro-fracturing of the notch is 
not performed.57

Root Tears

Meniscal root tears are specific tears with a pro-
found effect on meniscal biomechanics and kin-
ematics. Injuries of the posterior meniscus root 
attachments include root avulsions and full-length 
degenerative tears, and radial tears adjacent to 
the root, and have been linked to clinically signifi-
cant meniscal extrusion, defined as displacement 
of the meniscus with respect to the margin of the 
tibial plateau. Meniscal extrusion may dramatically 
impair hoop stress force transmission, leading to 
accelerated degenerative changes within the knee 
joint.58,59 The torn meniscal root is fixed to the tib-
ia plateau with sutures attached to a suture anchor 
or with transosseous tibial fixation using an ACL-
like-aiming device. Both techniques have shown 
good results when the root tear is fixed in anatomi-
cal position.32 
In recent years, great insight in the biomechanics of 
meniscal root tears and subsequent reconstruction 
has been gained by the research group under the 
direction of Robert LaPrade. Meniscus root avulsion 
and all radial tear conditions resulted in signifi-
cantly decreased contact area and increased mean 
contact pressure compared with the intact knees. 
Anatomic repair of the posterior root of either me-
dial or lateral meniscus significantly reduced the 
increased compartment joint contact pressures 
seen after posterior horn root avulsions.32,60

Anterior root tears have been described as well. 
Anterior root tears can be seen, for example, after 
intramedullary nailing of a tibial fracture.61,62 The 
clinical consequences of anterior root tears remain 
unknown. 

Complications

Arthroscopic meniscal repair surgery is considered 
to be minimal invasive, and is conducted relatively 
safely with low complication rates. Nevertheless, 
the surgeon needs to be aware of the rare but serious 
risk of damaging the neurovascular structures dur-
ing surgery. The most severe complication recorded 
has been sectioning of the popliteal artery, leading 
to amputation at the level of the knee joint.63 Less 
dreaded but serious complications such as haemato-
ma, aneurysm, and pseudoaneurysms of the pop-
liteal artery have been described not only after me-
niscal repair but also after meniscectomy.64 Salzler 
reported 2.8% and 7.6% complication rates for me-
niscectomy and meniscal repair, respectively, with 
surgical complications being more common than 
medical or anaesthetic complications.65 The differ-
ence in the complication rate between repair and 
meniscectomy has been related to the use of older 
generation rigid all-inside meniscal repair devices. 
These devices could break, cause articular carti-
lage damage and aseptic reactive synovitis.52,55 The 
third and fourth generation all-inside repair devices 
are more self-adjusting with anchor placement be-
hind the capsule and with a sliding knot tensioning 
the suture on the meniscus. 
In lateral meniscal repair, complications involving 
the peroneal nerve have been reported using an 
inside-out technique.66 If peroneal nerve injury is 
suspected postoperatively, immediate re-operation 
should follow, starting with an arthroscopy for cut-
ting of the intra-articular portion of the suture, fol-
lowed by a posterolateral exploration of the pero-
neal nerve and removal of the suture. 
At the medial site, the saphenous nerve is at risk 
and medial meniscal repair can lead to complica-
tions such as transient paraesthesia or complete 
neuropathy.67 
Symptomatic thromboembolism and septic arthritis 
are more general complications after arthroscopic 
knee surgery, not specifically related to meniscal 
repair. The risk of severe complications has to be 
acknowledged.68

Rehabilitation

Rehabilitation guidelines differ among surgeons 
and with the lack of an evidence based rehabilita-
tion protocol after meniscal repair it remains con-
troversial. 
It is undisputable though that rehabilitation after 
meniscal repair has more postoperative restrictions 
than the rehabilitation after partial meniscecto-
my.69 In our postoperative rehabilitation protocol, 
we distinguish between the types of meniscal tears 
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which are repaired. All patients will have a pressure 
bandage two to three days after meniscal repair.  
For repaired longitudinal or dislocated bucket han-
dle tears, the rehabilitation protocol entails six 
weeks of walking on churches and partial weight 
bearing up to 50% as tolerated by pain. One could 
debate, whether or not weight bearing is allowed 
after meniscal repair. Based on several studies us-
ing an all-inside repair only, it appears that there 
is no notable difference between an accelerated 
rehabilitation regime with full weight bearing al-
lowed as soon as tolerated and a standard postop-
erative rehabilitation program with partial weight 
bearing.70 The compressive loads applied during 
weight bearing in full extension in case of a ver-
tical, longitudinal repair or bucket-handle repair 
can reduce the meniscus and stabilize the tear and 
may favour meniscal healing.71 Flexion is limited 
to 90-100º during the first six weeks. Morgan et al. 
demonstrated that extension appears to reduce 
the meniscus to the capsule, whereas flexion caus-
es tears in the posterior horn to displace from the 
capsule.72 Becker et al. have reported that weight 
bearing flexion from full extension to 90° increases 
the pressure on the posterior horn.73 Thus, consid-
eration is given to limiting flexion to 90°-100º dur-
ing the early period of healing. Closed chain exer-
cises including cycling on a stationary bike for 10 
minutes are allowed daily when 90º of knee flexion 
is reached easily during this period. After six weeks 
postoperatively, open chain exercises and running 
on a cross trainer or treadmill is advised. Until 
three months postoperatively, patients are not al-
lowed to perform deep squats (more than 120º). 
For radial and root tear repair, we prescribe six 
weeks of walking on crutches of which the first 
3 weeks are non-weight bearing and the second 
three weeks weight bearing to 25% bodyweight. 
Weight bearing should be delayed because the 
hoop stresses would distracts the tear margins 
and compromise healing. Flexion is allowed to be-
tween 0-90º during the first six weeks and closed 
chain exercises are commenced. After six weeks, 
range of movement is increased to 120º. Nine 
weeks after surgery, the patient is allowed full 
weight bearing, open chain exercises, and running 
on a cross trainer or treadmill. Until three months 
postoperatively, patients are not allowed to per-
form deep squats (more than 120º). Tibial rotation 
causes large excursions of the meniscus within the 
first 30° of flexion and, as already mentioned, 
with increasing flexion pressure on the posterior 
horn.74 For that reason, deep squats and move-
ments involving pivoting should be avoided in the 
first phase of rehabilitation. Programmes can or 
even should be individualized to the type of surgi-

cal procedure performed and the type of meniscal 
tear repaired. 

Conclusion

Based on our current knowledge of the function of 
the meniscus, and the deleterious biomechanical 
and long-term clinical effect of removing part of 
the meniscus, we argue that the meniscus should 
be preserved whenever possible. Especially in the 
younger patient, we believe that the risk of failure 
of a meniscal repair outweighs the predictable im-
mediate outcome, but long-term deleterious results 
of partial meniscectomy. Therefore we believe that 
a paradigm shift is needed. If a meniscal lesion is 
diagnosed always consider: can I leave the meniscus 
alone? If not, is meniscal repair possible? If repair 
is not possible or fails after all, a partial meniscec-
tomy can still be performed, as a last resort.
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Introduction

While the negative effects of smoking on human 
health are well described, smoking still remains the 
highest cause of preventable death worldwide.1,2 

Beside its possible lethal effect on cardiovascular 
and pulmonary function, smoking is also causing 
quality of life diminishing conditions. In the ortho-
paedic field smoking is related to decreased bone 
mineral density, low back pain, fracture-healing 
complications, soft-tissue healing complications 
which involve ligament, tendon and wound heal-
ing complications.3,4 Reason enough for smoking to 
be a subject worthwhile discussing concerning the 
orthopaedic patient. 
The two most important components of cigarette 
smoke are nicotine and carbon monoxide.3,5,6 
They decrease microperfusion and tissue oxygena-
tion. Nicotine increases platelet aggregation and 
causes endothelial damage, which result in micro-
clotting.2,3 It also increases peripheral vasocon-
striction, decreasing blood flow to the extremi-
ties.2 Carbon monoxide reduces the amount of 
haemoglobin available for oxygen by binding to it, 
causing hypoxia.2 
The main hypothesis is that the effects of smoking 
on bone metabolism result from decreased blood 
flow and hypoxemia in the tissue bed.6 In literature 
the effects of smoking on fracture healing are well 
described.2,6 The effects of smoking on tendon 
healing are less well known, but the effects could 
follow the same hypothesis.

Population

Patients suffering from shoulder complaints due to 
rotator cuff tears.

Intervention

Cuff repair in a smoking population 

Comparison

Smoking and nonsmoking.

outcomes

Is the success of a rotator cuff tear repair less in 
smokers than it is in nonsmoking patients? And if 
yes, is it is still acceptable to perform surgery on a 
smoking patient or is it a necessity to stop smoking 
before surgery.

Critical appraised topic: available literature

Our search in the international literature using the 
search term: ‘(Rotator cuff [Mesh]) AND (smoke 
OR smoking OR nicotine OR tobacco)’ in a pubmed 
search revealed forty studies. After abstract selec-
tion six studies were found investigating correla-
tion between smoking and rotator cuff repair out-
comes. Table 1 shows an overview of all included 
clinical studies.
These six studies investigated outcome differences 
after rotator cuff repair between smokers and non-
smokers. Four studies focused on clinical outcomes 
using questionnaires (American Shoulder and El-
bow Surgeons (ASES), University of California at 
Los Angeles Shoulder Score (UCLA), Constant score, 
Western Ontario Rotator Cuff (WORC)), two other 
studies focused on radiologic outcomes on Magnet-
ic Resonance Imaging (MRI) or ultrasound.
Mallon et al. performed a retrospective review on 
224 patients with chronic full-thickness rotator cuff 
tears who underwent open repair.7 The two groups 
consisted of smokers (currently smoking or history 
of 40-pack years) and nonsmokers. Preoperative and 
postoperative UCLA-scores and pain-scores were as-
sessed and compared, with a 1 year follow-up. The 
pre-operative values of both tests showed that smok-
ers had significant higher pain scores (P <0.001) and 
significant lower UCLA scores (P =0.00025).7 When 
comparing UCLA scores between both groups the 
nonsmokers had a significant higher improvement of 
the mean UCLA-score (mean difference of 4.9; 95% 
CI 3.3-6.6; P <0.001).7 Nonsmokers also had a higher 
mean improvement in subjective assessment of pain 
(mean difference 1.9; 95% CI 1.3-2.5; P <0.001).7 

Smoking and the cuff - the effects of smoking 
on rotator cuff repair

Michael Nieboer and Taco Gosens

M.F. Nieboer MD, T.Gosens Phd MD, Department of 
Orthopedics. St. Elisabeth Ziekenhuis, Tilburg, 
The Netherlands
Corresponding author: M.F. Nieboer
Email: michaelnieboer@gmail.com

Nederlands Tijdschrift voor Orthopaedie, Vol 23, Nr 2, juni 2016 ■   51



 Vol
 23

jun
  ’16

A prospective study from Prasad et al. analysed 42 
patients undergoing open rotator cuff repair and 
subacromial decompression.8 Constant scores were 
assessed pre-operative and post-operative with a 
follow-up to 26 months. Their results indicated sig-
nificant improvement of the mean Constant score 
post-operative for both groups. Smoking did not 
significantly affect the Constant scores compared 
to the nonsmoking group (P >0.05).8 
Balyk et al. evaluated a prospective cohort of 141 
patients with full-thickness rotator cuff tears un-
dergoing surgical repair. WORC index, ASES ques-
tionnaires and range of motion were used to as-
sess amount of function and pain pre-operatively 
and post-operatively. Workers compensation board 
(WCB) recipients appeared to have a lower 6-month 

WORC score correlated to smoking compared to 
non-recipients who also smoked (P =0.02).9 For both 
WBC recipients and non-recipients the 6-month AS-
ES scores were significantly lower in the smoking 
population (P =0.04).9 Range of motion scores how-
ever were not affected by smoking status. 
In a registry study Kukkonen et al. evaluated the 
effect of smoking on rotator cuff reconstruction.10 

Analysing 576 patients undergoing arthroscopic ro-
tator cuff repair, their results indicated that after 
one year Constant scores were significantly lower 
in the smoking group (71; SE 1.4) compared to the 
nonsmoking group (75; SE 0.7) (P =0.017).10 Preop-
eratively this difference was not visible. Amount of 
pack-years did not correlate with Constant score (P 
=0.815 or the size of the tear (P =0.786).10 There 

Table 1. Summary of studies

Author

Mallon et al.7

Prasad et al.8

Balyk et al.9

Kukkonen et al.10

Neyton et al.11

Djahangiri et al.12

Number 
of patients

224

42

141

576

107

58

Injury

Full-thickness 
rotator cuff tears: 

open RCR

Full-thickness 
rotator cuff tears; 

open RCR

Full-thickness 
rotator cuff tears; 

arthroscopic, 
mini-open or open 

RCR

Full-thickness 
rotator cuff tears; 
arthroscopic RCR

Full-thickness 
rotator cuff tears; 
arthroscopic RCR

Full-thickness 
rotator cuff tears; 

open or arthroscopic 
RCR

outcome

At 1 year postoperatively nonsmokers had signifi-
cant higher improvements of the mean UCLA-score 
(mean difference of 4.9; 95% CI 3.3-6.6; P <0.001). 

Nonsmokers also had a significant higher mean 
improvement in subjective assessment of pain 

(mean difference 1.9; 95% CI 1.3-2.5; P <0.001).

Smoking did not have an effect on Constant 
score when compared to the nonsmoking group 

with a follow up of 26 months (P >0.05)

For both workers compensation board (WCB) 
recipients and non-recipients the 6-months ASES 
scores were significantly lower in the smoking 
population (P =0.04). ROM scores showed no 

difference between both groups.

At 1 year postoperatively Constant scores 
were significantly lower in the smoking group 
(P =0.017). Smokers were also significantly 

younger at treatment time than non-smokers 
(55 vs 61; P<0.001).

Smokers had significantly less healed tendons 
(78%) compared to nonsmokers (93%) when 

assessed by MRI at a mean time of 16.1 months 
postoperative (P =0.048)

Using ultrasound there was a non-significant 
difference showing more smokers in the 

non-healed tendon group (38%) than in the 
healed tendon group (22%) (P =0.39)
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was a significant difference between the mean 
ages of the patients (P <0.001) when comparing 
smokers (mean 55 years) with nonsmokers (mean 
61 years).10 While these results showed similar tear 
types in both groups, the smoking group was sig-
nificantly younger. It is possible that these results 
show smoking accelerates tendon degeneration 
and lead to rotator cuff tear.
In a therapeutic case serie Neyton et al. assessed 
repair site integrity after rotator cuff repair using 
MRI (n=107).11 MRIs were performed postopera-
tively at a mean time of 16.1 months (range 12 to 
28). Smoking was causing significant lower rates of 
healing.The tendon healed in fourteen smoking pa-
tients (78%) compared with seventy-nine (93%) of 
the nonsmokers (P =0.048).11 
Djahangiri et al. analed 58 patients undergoing 
open or arthroscopic rotator cuff repair.12 Post-
operative ultrasound results show a non-signif-
icant difference in failure for smokers with a 40 
pack-year history considering tendon healing. In 
the healed cuff group 8 of 36 (22%) patients were 
smokers, while in the non-healed cuff group 3 of 
8 (38%) patients were smokers (P =0.39).12 Due to 
the small size of the cohort this result did not reach 
significance. 

Recommendations 

As smoking was already known to contribute to 
multiple orthopaedic conditions, our main purpose 
was to analyze the available literature considering 
smoking effects on the outcome after rotator cuff 
repair surgery. 
In literature three studies found less satisfactory 
clinical outcomes for smokers using questionnaires 
(UCLA, ASES, Constant, WORC) when comparing 
them to nonsmokers.7,9,10 One study analysing a 
small cohort, did not find a significant difference 
between smokers and nonsmokers considering clin-
ical outcome.8 Healing rates after rotator cuff re-
pair were shown to be significantly lower for smok-
ers using MRI.11 This finding could not be confirmed 
using ultrasound in one other study. 15,16 Most of the 
studies used were retrospective, with their known 
limitations as recall bias and a low evidence level 
of III or IV. Also it is difficult to base conclusions 
on different outcome measures such as different 
questionnaires or MRI versus ultrasound.
In addition to these studies, a basic science study 
performed by Galatz et al. investigated the ef-
fects of nicotine on rotator cuff repair.13 In 27 rats 
transection and repair of the rotator cuff was per-
formed. Afterwards the rats were treated with sub-
cutaneous depositions of nicotine or saline solutions 
for fifty-six days. The results showed prolonged in-

flammation, less cellular proliferation (between 10 
and 28 days) and less collagen type I (between 10 
and 28 days) in the nicotine group.13 The mechani-
cal properties increased in both groups, whereas 
in the nicotine group maximum stress was signifi-
cantly lower at ten days and maximum force was 
significantly lower after 28 days. On the contrary 
maximum force was significantly higher after fifty-
six days in the nicotine group. These results sug-
gest a slower bone-tendon healing in the nicotine 
group. In this animal model the normal tendon was 
transected, whereas in human rotator cuff tears 
the cuff is degenerative and diseased, which will 
have implications for tendon healing. 
In light of the increasing popularity of electronic 
cigarettes the finding of Galatz et al. is interesting 
showing effects of nicotine on rotator cuff repair 
in rats.13 Studies show electronic cigarettes may 
pose a threat due to high nicotine concentrations 
in the cartridges with also highly variable amounts 
of nicotine per cartridge.14 Studies suggest that 
electronic cigarette users achieve similar nicotine 
levels as cigarette smokers.15 While electronic 
cigarettes provide a less harmful source of nico-
tine, evidence of long-term use is not available and 
nicotine itself could be contributing to a wide array 
of problems, possible including a worse outcome 
after rotator cuff repair. 
Recommendations for smoking management con-
cerning operative management of rotator cuff tears 
are not easily derived from the literature available. 
No randomized controlled trial has been performed 
comparing rotator cuff repair outcomes between a 
smoking group and smoking cessation group. A sys-
tematic review from Fermont et al. with the main 
goal of determining prognostic factors for successful 
recovery after rotator cuff repair could not conform 
the hypothesis of smoking being a negative prognos-
tic factor for rotator cuff repair.16 With the evidence 
found we conclude smoking tends to have a negative 
effect on the clinical and radiological outcome us-
ing MRI after rotator cuff repair. In addition to these 
findings we further recommended that patients 
should be informed about the risks of smoking lead-
ing to less satisfactory rotator cuff repairs. There is 
no evidence supporting better results of rotator cuff 
repair in smokers who stopped smoking prior to sur-
gery, further research is necessary to determine if 
there is a significant difference in outcome and for 
how long cessation of smoking is needed.
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Introduction

Femoro-acetabulair impingement (FAI) is an in-
creasingly recognized condition in young and active 
patients with pain in the groin.1 FAI is caused by 
abnormal contact between the femoral head-neck 
offset and the acetabulum and can be divided into 
pincer- and cam-impingement. A pincer impinge-
ment arises from increased coverage of the femoral 
head due to a deepened socket of the acetabulum, 
whereas a cam-impingement is characterized by a 
decreased femoral head-neck offset.2,3,4

The etiology of FAI is probably caused by a com-
bination of genetic, developmental and environ-
mental factors and might possibly associated with 
disorders such as slipped capital femoral epiphy-
sis, Legg-Calve-Perthes, and coxa profunda.2,5 
The prevalence of FAI is estimated to be 15-25% in 
asymptomatic patients, but is still unknown.6 More-
over, it is suggested that FAI may be a risk factor for 
the development of osteoarthritis.2,5,6,7,8,9,10

Arthroscopic treatment of these hip deformities is 
gaining popularity.11 Short-term follow-up results 

Femoro-acetabulair impingement is an increasingly recognized diagnosis and the arthroscopic treatment is gaining 
popularity. The following study is conducted to observe the clinical outcome of hip arthroscopy after one year. 

Introduction: Femoro-acetabulair impingement (FAI) is an increasingly recognized condition in young and active pa-
tients with pain in the groin. Short-term follow-up results after arthroscopic surgery for FAI show promising results 
with increasing clinical evidence that surgical correction of FAI relieves pain and improves function outcome. 
Purpose: The primary purpose of this study is to examine the short-term clinical outcome results and pain relief of 
patients with arthroscopic surgery for FAI.
Methods: We included patients from january 2012 to September 2013 in a prospective cohort study. Patients com-
pleted PRoMs prior to surgery and a set times post-operatively. The used PRoMs were the mhhS, hoS score and VAS 
score for pain.
Results: A total of 80 patients were included with a main age of 39.2 years. The VAS score improved significantly from 
6.5 (IQR 2.8) pre-operatively to 1.0 (IQR 4.3) 12 months post-operatively. The modified harris hip Score improved sig-
nificantly from 59.0 (IQR 15.0) pre-operatively to 85.0 (IQR 22.0) 12 months post-operatively. The hoS ADl improved 
significantly from 57.5% (IQR 35.9) to 87.5% (IQR 24.0). The hoS Sport improved from 44.4% (IQR 36.2) to 79.8% (IQR 
40.3). We registered complications in approximately 5.5% of all cases.
Conclusion: Patients improved significantly in function and pain one year after hip arthroscopy for FAI.

show promising results and there is increasing clini-
cal evidence that surgical correction of FAI relieves 
pain and improves function.12,13

This single-surgeon prospective cohort study 
presents the functional outcome results of arthro-
scopic treatment of FAI and labral tears, 1 year 
after surgery. We considered pain and functional 
outcomes to be primary outcomes, and sports, 
work and complications to be secondary outcomes. 
Moreover, per-operative results are compared to 
the results of the pre-operative assessment. 

Patients and Methods

In this prospective cohort study, consecutive pa-
tients were included from January 2012 to Sep-
tember 2013 in the Reinier de Graaf Groep, Delft, 
The Netherlands. The local Medical Ethics Com-
mittee decided that the study did not fall under 
the scope of the Medical Research Involving Hu-
man Subjects Act because of the minimal burden 
for patients in addition to regular care. Still, 
written informed consent was obtained from all 
patients. Patients included were 15 to 65 years 
of age with a physical examination suspect for 
FAI, a labral tear or lesion, or suspect for loose 
bodies in the hip joint, chondral lesions or oste-
ophyte impingement. Patients had to speak the 
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Dutch language. The arthroscopic surgery was 
performed by a highly experienced orthopaedic 
surgeon, with an average of around 80 surger-
ies per year since 2007. Exclusion criteria were 
patients who had prior surgery (open or arthro-
scopic) for FAI, pathological fractures or other 
metastatic pathology as a cause of the hip/groin 
pain. Moreover, patients unwilling to participate 
were excluded. 
Patients were analysed with either a CT or MRI ar-
throgram and intra-articular bupivacaine injection 
according to the protocol depicted in Figure 1. Pa-
tients were included in the study when surgery was 
scheduled after these examinations.

A pre-operative assessment of the deformity was 
made with x-ray and additional dynamic analy-
sis. Alpha angles were measured according to the 
method described by Barton et al.14 The results of 
this pre-operative assessment were compared to 
the per-operative results. 
A standardised operation protocol was used for 
all patients: general anesthesia, supine position-
ing, traction table for subluxation of the hip joint, 
fluoroscopy and two to three portals were used in 
order to visualize the joint. The central and pe-
ripheral compartments were inspected for abnor-

malities. Labral tears, focal chondropathy, loose 
bodies, pincer- and/or cam deformities were iden-
tified and treated. 
Physical examination was performed pre-opera-
tively and 6 weeks, 3 and 12 months after surgery. 
Patients also completed the Hip Outcome Score 
(HOS) pre-operatively and 12 months after surgery, 
and the VAS score for pain pre-operatively, and  
6 weeks, 3 and 12 months postoperatively. Patients 
were also asked to indicate when their work was re-
sumed and how long complaints of the hip persisted.  
The modified Harris Hip Score (mHHS) was scored 
preoperatively and 3 and 12 months after surgery.  

Statistics

Missing data were handled according to the rules of 
the questionnaire or ignored using statistical soft-
ware and tests. Since data did not show a near-
Gaussian distribution, the non-parametric one-way 
repeated measures analysis of variance by rank was 
performed using Friedman’s test to analyze differ-
ences in medians between the follow-up moments. 
Where applicable, Wilcoxon’s signed rank test was 
performed as post-hoc test with Bonferroni correc-
tion to localize significant differences. P-values 
less than 0.05 were considered significant. Data 

Figure 1. Protocol for analysing patients.
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are presented as median and interquartile range. 
Data analysis was conducted with IBM SPSS Statis-
tics, version 21. 

Results

A total of 80 patients (80 hips) was included, 32 
men and 48 women. (Figure 2) Mean age was 
39.2 (range 16.9-64.3) years and 90 % of all pa-
tients had ASA 1 (range 1-3). One patient had a 
history of Legg-Calve-Perthes disease (1.3%), two 
patients (2.5%) had a history of Slipped capital 
femoral epiphysis (SCFE). Patients had a mean 
alpha-angle of 64.5 (±15.3) degrees. On average, 
patients experienced hip pain for 3.7 years (range 
1-25 years). 

Pre-operatively, 56 patients (70.0 %) were diagnosed 
with a cam impingement, 20 (25 %) with a pincer 
impingement, and 13 patients (16.3 %) had a cam as 
well as a pincer impingement. Per-operatively, 59 
patients (73.8 %) appeared to have a cam impinge-
ment and 22 (27.5 %) a pincer impingement (Table 1).  

4 patients (5.5%) had a complication after surgery. 
Three patients had neuropraxia of the lateral fem-
oral cutaneous nerve, one patient suffered from a 
small skin abrasion in the perineum due to traction 
during surgery.

Five patients were excluded from follow-up analy-
ses. Four of these patients had a re-arthroscopy 
due to persisting pain before the one-year follow-
up visit. One patient underwent a total hip arthro-
plasty before the one-year follow-up. (Figure 2) 

Not all patients completed all questionnaires; 69 
patients completed the VAS and mHHS at all fol-
low up moments, and 65 patients completed the 
HOS. The remaining patients were considered lost 
to follow-up. 

VAS
A total of 69 patients (86.3%) completed a VAS score 
pre-operatively, and 6 weeks, 3 months and 12 
months post-operatively. VAS scores were 2.0 (IQR 
3.0) and 1.0 (IQR 4.3) 3 and 12 months after surgery, 

Figure 2. 
Inclusion of patients.

Table 1. Pre- and per-operative diagnosis

 Pre-operative diagnosis  Per-operative diagnosis
 N (%) N (%)

Cam impingement 43 (53.8) 44 (55.0)
Pincer impingement 7 (8.8) 7 (8.8)
Cam and Pincer 13 (16.3) 15 (18.8)
  
Labral tear 43 (53.8) 67 (83.3)
Corpus liberum 2 (2.5) 2 (2.5)
Chondropathy 0 (0) 21 (26.3)
No deformities 0 (0) 4 (5)
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respectively. Post-hoc analysis with a Mann-Witney 
test showed a significant decrease (P < .001) in VAS 
score from 6.5 (IQR 2.8) pre-operatively to 3.0 (IQR 
3.3) 6 weeks post-operatively. The decrease in VAS 
between 6 weeks and 3 months was not significant 
(P = .49, a P-value < .017 was considered significant 
due to a Bonferroni correction). A comparison of 
these results with all cases, including incomplete 
data revealed no other results (VAS scores were 7.0 
(IQR 3.0), 3.0 (IQR 3.5), 2.0 (IQR 3.0) and 1.3 (IQR 
4.4), respectively). 

Modified Harris Hip Score (mHHS)
A total of 69 (86.3%) patients had a complete mHHS 
preoperatively, and 3 and 12 months postopera-
tively. Post-hoc analysis with a Mann-Witney test 
showed that the mHHS improved significantly from 
59.0 (IQR 15) preoperatively to 77.0 (IQR 19.0) 3 
months after surgery (P < .001) to 85.0 (IQR 22.0) 12 
months postoperatively (P = .005). (a P-value < .017  
was considered significant after Bonferroni correc-
tion). A comparison of these results with all cases, 
including incomplete data, revealed no other re-
sults (mHHS scores were 57.0 (IQR 15.0), 77.0 (IQR 
21.0) and 85.0 (IQR 22.0), respectively).

HOS
65 patients (81.3%) completed the HOS question-
naires preoperatively and 12 months after surgery. 
The HOS ADL improved significantly (P < .001) from 
57.5% (IQR 35.9) to 87.5% (IQR 24.0) (P < .001).  
The HOS Sport improved from 44.4% (IQR 36.2) to 
79.8 % (IQR 40.3) (P < .001).

Work
Patients indicated that they went back to work af-
ter a median of 8.0 weeks (min-max: 1-54 weeks). 
However, 33 (48.5%) patients were not symptom 
free until 12.0 weeks (min-max: 0-48 weeks) post-
operatively. 24 (28.6%) patients still had complaints 
during working activities 12 months post-operative-
ly. A total of 5 (6%) patients did not resume their 
working activities because of persistent hip pain.

Discussion

This single-surgeon prospective cohort study 
presents the functional outcome results of arthro-
scopic treatment of FAI and labral tears, 1 year af-
ter surgery. 
Function and pain were measured with the mHHS, 
the HOS and the VAS score for pain. Post-operative-
ly, all scores improved statistically significant com-
pared to the pre-operative status. However, the 
minimal clinical important difference (MCID) is a 
value which defines a meaningful improvement in 

the patient’s status from before surgery to follow-
up and is therefore of more importance than a sta-
tistically significant difference. 
The MCID of the mHHS, as described by Chahal et 
al. in 2014, at 3 months and one year after surgery 
is 13.0 and 20.0 points, respectively.15 Our results 
show an increase of 18.0 points three months af-
ter surgery and 26 points one year postoperatively. 
The MCID for the HOS ADL and the HOS Sports, is 
23.0 and 47.0 points one year after surgery. HOS 
ADL in our cohort improved with 30 points and 35.4 
points for the HOS Sports. Lastly, the VAS for pain 
is described to have a MCID of 3.0, as stated by Lee 
et al.16 The VAS score for pain declined from 6.5 
to 1.0 after one year in our study, which is a dif-
ference of 5.5 and therefore clinically important. 
Thus, despite the HOS Sports, all functional out-
comes improved more than the MCID. Several other 
authors reported significant improvements after 
surgery, in VAS and mHHS but did not relate their 
findings to the MCID.4,12,17,18,19,20,21 

Nho et al. found a significant improvement in the 
HOS score of 12.6 points, but did not specify this 
any further.18 Philippon et al. found a significant 
improvement in 2009 and 2012 in the HOS ADL (17 
and 21 respectively) as well as in the HOS Sports 
(24 and 30 points, respectively).12,22 In accordance 
with the results of our study, they also did not find 
an improvement of the HOS sports beyond the MCID. 
 
Although the mHHS is most frequently used to de-
termine clinical outcome after hip surgery, it suf-
fers from a potential floor and ceiling effect. The 
HOS score is suggested to be more appropriate after 
hip arthroscopy; therefore, we used both scores to 
measure possible recovery after hip arthroscopy.1

Conspicuous is that the mHHS and VAS score for 
pain did not improve further than 6 weeks to 
one year post-operatively. Several other studies 
found an increase of the mHHS, ranging 15.3-24 
points.4,12,17,18,19,20,21 However, only Dipmann et 
al. described the improvement to be in the first 3 
months post-operatively.17 Based upon their find-
ings combined with the results of Larson et al., 
they concluded that the effect of a hip arthroscopy 
mainly occurs during the first 3 months post-oper-
atively.4 They therefore question whether revision 
should not have been considered 3 months after 
surgery. Our results support this question. Other 
articles only focus on the one-year postoperative 
outcome and do not mention the outcome in the 
first months postoperatively. 

Several limitations should be mentioned. We ex-
amined the outcome of hip arthroscopy in FAI in 
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general and did not differentiate between fixations 
of labral tears or FAI caused by bony deformities. 
Philippon et al. described that labral repair is an 
independent predictor for better functional out-
come after arthroscopic treatment.23 We consider 
our cohort to be too small to analyze fixation of the 
labral tears and resection of the bony deformities 
independently.12 
Another limitation of our study is that we could 
not analyse five patients one year after surgery 
because of a prior revision arthroscopy or because 
of a total hip arthroplasty. We considered these 5 
patients as missing values. We analysed the results 
with and without the missing values and did not 
find any new results. These failures were possibly 
caused by poor indications, mainly a higher grade 
of osteoarthritis then accessed pre-operatively. 
Ultimately, not all questionnaires were fully com-
pleted by the patients and these patients were 
therefore considered lost to follow-up.

We registered a complication rate of 5.5% in our 
cases which is comparable to recent literature. A 
complication rate varies from 0% to 7% according 
to other authors.3,4,11,12,20,21,23,25,26,27 Our main 
complication is neuropraxia of the pudendal nerve.  
Other complications described in literature are flu-
id extravasation and abdominal compartment syn-
drome, instability or dislocation and femoral neck 
fracture and heterotopic ossification. We found none 
of these complications. The majority of our patients 
improved after surgery on short-term outcome. 
Our study presents short-term follow-up results, 
which are similar to previous reports. This study 
presents the first cohort in The Netherlands of pa-
tients operated for FAI. Further research should 
point out whether we can improve our results by op-
timizing the treatment of FAI and patients selection. 

Conclusion 

Significant improvements of the mHHS, VAS and 
HOS ADL were found one year after hip arthroscopy 
in patients with FAI, compared to the preoperative 
level. These improvements exceeded the minimal 
clinical important difference (MCID) for these out-
come measures. 
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Introduction

A 13-year-old patient presented with nonobjec-
tified recurrent patella dislocations of the right 
knee. MRI studies revealed a para-articular os-
teochondroma of the distal femur proximal to the 
femoral trochlea. This rare presentation of an os-
teochondroma has never been described.

Patient

A 13-year-old patient was referred to the ortho-
pedic outpatient clinic six weeks after two spon-
taneously repositioned atraumatic lateral patella 
dislocations of the right knee. No trauma had pre-
ceded. Upon physical examination, a normal leg-
axis and no general ligamentous laxity was noticed. 

There was a pain free, full range of motion of the 
knee with passive and dynamic stability of the pa-
tella. The Rabot-, patella apprehension- and patel-
la grinding tests were negative. No tenderness was 
reported during the physical examination. No mus-
cular atrophy of the quadriceps femoris was noted. 
X-Rays revealed no fracture, loose bodies or patel-
lar displacement. However an osteochondroma of 
the distal femur proximal to the femoral trochlea 
and medial to the patella was noted on the lateral 
X-Rays (Figure 1). Subsequent MRI studies showed 
an osteochondroma with a thin cartilaginous cap. 
The distal femur osteochondroma origin was lo-
cated in the suprapatellar pouch proximal to the 
femoral trochlea (Figure 2).

Intervention

Conservative treatment consisted of physiotherapy 
directed towards strengthening the total quadri-
ceps with an emphasis on the vastus medialis ob-
lique. The standard post dislocation immobilization 
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Para-articular osteochondroma in a patient that 
presented with patella dislocation
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Figure 1. AP and 
lateral X-Ray of the 
right knee showed 
an osteochondroma 
of the distal femur 
proximal to the 
femoral trochlea.
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was not indicated, with no discomfort reported by 
the patient. 

Comparison

Para-articular osteochondromas are a rare benign 
subtype of chondroma that occur around the joints. 
Only a few osteochondromas have been reported 
to arise from the suprapatellar region of the knee 
joint.1 Patellar dislocation is a not yet described 
rare presentation of an osteochondroma. Because 
the MRI showed that the osteochondroma only had 
a thin cartilaginous cap, resection was not indicat-
ed with regard to the osteochondroma itself. How-
ever, the location of the osteochondroma might be 
the cause of subsequent patellar dislocations com-
parable to trochlear bumps in dysplasia described 
by Dejour et al.2 Over 100 surgical procedures 
have been proposed for the treatment of recur-
rent dislocation of the patella and patellofemoral 
malalignment.3,4 However, in this case, the osteo-
chondroma is located just proximal to the trochlea 
and excision of the benign osseous tumor can be 
performed without trochlear surgical procedures. If 
symptoms persist, arthroscopic or open excision at 
the isthmus of the exostosis might be indicated.5-8  

outcome

After 3 months, no dislocation recurred. The pa-
tient remained pain free with a full range of mo-
tion of the knee. 

Recommendations

In patients with atraumatic patellar dislocations, 
consider an exostosis of the distal femur proximal 
to the trochlea femoris as a cause.
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Figure 2. 
Sagittal cou-
pes of T1 
(left) and T2 
(right) MRI 
scan of the 
right knee 
showing an 
osteochondro-
ma proximal 
to the tro-
chlea with a 
cartilage cap 
< 1.5 cm.
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Periprosthetic joint infections can be classified 
in several ways based on time after surgery, i.e. 
“early” and “late postoperative”. We deal with an 
early infection, for example, when an infection is 
present three months postoperative or earlier.
Another way of classifying is based on duration of 
symptoms, i.e. acute or chronic. An acute hema-
togenous infection may occur years after a well-
functioning prosthetic joint is placed. When we 
deal with an “acute” infection, the symptoms and 
signs of infection are present for a maximum of 
four to six weeks. When this period is longer, the 
infection is considered as “chronic”. 
A third classification refers to a pathogen classi-
fication, i.e. “easy” versus “difficult”-to-treat in-
fections. 
An appropriate treatment can be chosen based on 
combining these classifications. Furthermore, gen-
eral health status, age, and preferences of the pa-
tient and/or surgeon may also influence the choice 
of treatment.
Since the final choice of treatment is based on nu-
merous factors, the Dutch Orthopaedic Infection 

Society recommends that most decisions are made 
multidisciplinary. This can be done, for example, 
during a weekly meeting with an orthopaedic sur-
geon, infectious diseases specialist and/or micro-
biologist.
Even though this recommendation focuses on the 
PJI treatment of hip and knee arthroplasties, it can 
be applied to other joints as well.

Treatment options

A: Debridement, Antibiotics, and Implant Retention 
of the prosthesis (DAIR)1-6, 8

The indication for a DAIR should be an early and/
or acute (hematogenous) infection. It should be 
taken into account that the DAIR success rate de-
creases with the time between the index operation 
(implantation of the artificial joint) and the DAIR-
procedure, in case of a difficult to treat pathogen, 
and in case of a compromised soft tissue envelope. 
Therefore, prosthesis removal and/or revision 
should be considered (see below) when the pros-
thesis is not well-fixed, the infection is chronic or 
late, or the covering soft tissue is compromised.
It is important not to start antibiotic therapy prior to 
surgery, unless the infection causes a life-threaten-
ing sepsis. During the DAIR-procedure 5-6 biopsies 
are to be obtained immediately after opening of 
the joint, each biopsy taken with a clean sterile in-
strument (i.e., that was not used before during the 
procedure). This is followed by an extensive debri-
dement of all compromised tissue, including a total 
synovectomy. Mobile parts should be exchanged, 
e.g. polyethylene insert in knee arthroplasty and 
head in hip arthroplasty), providing acceptable risk 

The treatment of periprosthetic Joint Infections 
A recommendation from the Dutch Orthopaedic Infection Society 
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of damage to the prosthetic joint or surrounding 
bone. This improves exposure and debridement ca-
pability. Next, the wound should be lavaged by 3-6 
liters of irrigation fluid. Wound closure should be 
meticulous. Though a debated topic, resorbable or 
non resorbable carriers for local antibiotic release 
may be used. After the last tissue biopsy is taken, 
broad spectrum antibiotics should be started and 
to be adjusted in the postoperative period based 
on culture results. Antibiotics should be continued 
for three months postoperative. In case of a per-
sisting PJI after two or three DAIRs, removal of the 
prosthesis (and other foreign material) is advised. 

B: One stage septic revision1-8

Revision is an option when the patient is not amend-
able for DAIR (due to duration and/or the implant 
is not well-fixed), the patient is not septic, has a 
sufficient soft tissue envelope and intact extensor 
mechanism (in case of a total knee prosthesis) and 
the causative microorganism and their antibiotic 
sensitivity pattern is known before surgery. Moreo-
ver, this kind of procedure should not be consid-
ered in case of a difficult to treat microorganism or 
when there are no appropriate (local/systemic) an-
tibiotics. One-stage revision is also not the optimal 
choice in case of extensive osseous defects requir-
ing allograft or in immune compromised patients 
(e.g. chemotherapy). 
Key aspect in one-stage septic revision is a radi-
cal debridement of all infected soft tissue (includ-
ing total synovectomy) and infected bone tissue. 
After extraction of all foreign body material, five 
to six tissue biopsies are obtained. Extensive lav-
age is performed. Before reimplantation, new ster-
ile instruments, draping, and clothes are applied. 
Administration of empiric anti-biofilm treatment 
should be started directly after the last tissue sam-
ple, with intravenous treatment for a minimum 
of two weeks followed by oral therapy usually for 
three months post-operatively. 

C: Two stage septic revision1-6,8

In case of a PJI where a one stage revision is not 
suitable such as a compromised soft tissue enve-
lope or a difficult to treat causative microorgan-
ism (highly resistant), a two stage revision is a good 
option. In literature, the two stage revision is still 
considered the gold standard when compared to 
one stage revision.

First Stage - During the first stage, after careful 
removal of all foreign material, five or six peripros-
thetic tissue biopsies are obtained from different 
locations of the interface (as earlier described). 
Consider excision of scar tissue in order to create 

viable wound edges. This is followed by extensive 
debridement, including synovectomy, and lavage. 
Antibiotics regime is planned before surgery to-
gether with the microbiologist and started during 
surgery after the last tissue biopsy. Depending on 
the local situation and causative microorganism 
a spacer or other antibiotic loaded carriers (e.g. 
PMMA beads) can be implanted. Additional stabil-
ity can be applied when necessary by using a cast 
or external fixator. Following this surgery, repeat 
debridement may be performed based on clinical 
follow-up and laboratory parameters (CRP/ESR).

In between stages – The length of the interval is 
dependent of the culture results, local tissue sta-
tus and the remission of infection symptoms. The 
patient is treated with broad-spectrum antibiotics 
till all culture results are known. Then, the anti-
biotic treatment can be adjusted according to the 
sensitivity profile of the cultures. It is important to 
know that the antibiotic release from local carriers 
is sufficient for two to six weeks after the pros-
thesis removal procedure. In this perspective, it is 
advisable not to leave the carrier in situ too long. If 
an antibiotic free interval is chosen this should be 
at least two weeks in order to be able to obtain re-
liable cultures during the re-implantation. If there 
are any doubts about the eradication of the infec-
tion, this period can be prolonged. When there are 
problems with soft tissue coverage, a plastic sur-
geon should be consulted as early as possible.

Reimplantation – When followed by an antibiotic 
free interval, it is advisable not to administer anti-
biotics preoperatively. After extraction of spacers or 
beads a total of five to six cultures are obtained. An 
extensive debridement is performed and the joint 
lavaged with 3 to 6 liters of fluid. If there are any 
signs of a persistent infection a new debridement 
can be chosen and re-implantation should not be per-
formed. A cemented or uncemented prosthesis with 
or without bone graft substitution can be used for re-
implantation. Antibiotics should be added to the ce-
ment, keeping in mind not to weaken the cement.

Post reimplantation – If an antibiotic free interval 
was chosen before re-implantation, the antibiotic 
treatment can be stopped when cultures are nega-
tive. Keep in mind that cultures are less reliable 
when a local antibiotic carrier was used during the 
interval period. Therefore, another option is to con-
tinue the antibiotic treatment without an antibiotic 
free interval for six weeks post reimplantation. If 
the cultures during the reimplantation turn out to 
be positive, antibiotic treatment should be adjust-
ed and continued for three months postoperatively. 
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D: Definitive explantation, arthrodesis and ampu-
tation1,8,9

These options should be considered as reasonable 
options in selected cases. Factors include bone and 
soft tissue quality, comorbidity, and/or mental sta-
tus. In this light, considerations include:

Arthrodesis/amputation knee – Is an option in case 
of a deficient extensor mechanism. After extrac-
tion of the prosthesis an external fixator or brace 
can be applied first. When the infectious symptoms 
are well controlled, the arthrodesis can be opti-
mized if necessary for example by intramedullary 
or plate fixation.

Amputation – Is an option when the soft tissue en-
velope is too much compromised to achieve suf-
ficient coverage and plastic reconstruction is not 
possible. Additional antibiotic treatment should be 
considered.

Definitive Girdlestone (hip) – Is an option in case 
of a deficient bone stock, soft tissue condition or 
deficient abductor mechanism.

E: Antibiotic suppression therapy8

Is an option when a patient is not fit for surgery or 
wishes not to be operated, providing a save and 
well-tolerated antibiotic is available. Beware of 
the fact that after closure of a fistula infectious 
symptoms can worsen/aggravate and result in sep-
tic conditions. Patient and general practitioner 
should both be aware of this problem.

F: Supervised neglect8

Mild symptoms, intolerance of antibiotics or men-
tal, and health status of the patient can play an im-
portant role in choosing not to treat the patient at 
all. Careful clinical and radiologic follow-up should 
be performed.

Quality requirements PjI treatment

Treatment of PJI is intensive, complex, and expen-
sive. Therefore, treatment should take place in a 
multidisciplinary fashion. When a treatment facil-
ity or hospital/clinic cannot provide the quality re-
quirements listed below and there is an indication 
for PJI treatment according to methods B to E as 
described earlier, patient referral should be con-
sidered (strongly) and advised. 

Quality requirements:

1. Efficient and adequate processing of tissue biopsies in a 
certified facility.

2. Multidisciplinary team: 
a) Orthopaedic Surgeon – Specific experience in and 

knowledge of orthopaedic (periprosthetic joint) in-
fections

b) Microbiologist – Specific knowledge of PJI treatment 
and available anti-biofilm treatment. Connection 
with a facility where tissue cultures can be processed 
(see 1) and possibility of sonication of implant is 
available (when desired).

c) Infectious diseases specialist – Specific knowledge of 
antibiotics in PJI treatment and how to optimize the 
patient who undergoes PJI treatment

d) Hospital hygienist –to be consulted in case of 
isolation matters and guidelines.

e) Plastic surgeon –to be consulted (semi acute) in case 
of additional soft tissue procedures.

3. The multidisciplinary team (2a to c) should have a 
meeting minimally once a week in order to achieve an 
efficient and optimal progress of treatment.

4. Patient counseling should be performed with care.
5. It is recommended to train nurses and physiotherapists 

with respect to the specific treatment requirements of 
PJI patients.

6. All members of the multidisciplinary team should keep 
their knowledge up-to-date by visiting national or inter-
national meetings regularly. 

7. Follow-up of PJI patients is required to monitor the 
quality of PJI treatment.
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objective: to determine the incidence of peripros-
thetic lesions diagnosed by metal artefact reducing 
sequence-MRI (MARS-MRI) in asymptomatic patients 
with ceramic-on-polyehtylene (CoP) conventional 
total hip arthroplasty (THA) in comparison to resur-
facing hip arthroplasty (RHA) versus 28 mm metal 
on metal (MoM) THA.

location: Rijnstate Hospital, Arnhem.

Patient population: all patients included in a previ-
ously performed, now closed RCT comparing RHA (n 
= 36) with a 28 mm conventional MoM uncemented 
THA (MoM THA) (n = 28) (REF), in comparison to a 
matched control group of patients with a CoP THA 
(n=33). Matching was performed on period of fol-
low-up (+/- 3 months) and gender.

Intervention and comparison: patients were cross-
sectionally screened with metal artefact reducing 
sequence-MRI (MARS-MRI) for pseudotumour forma-
tion at a median of 55 months (23 to 72) post-oper-
atively. 

outcome measures: primary outcome measure was 
pseudotumour formation on MRI as scored according 
to three different classification systems (Anderson, 
Hart, and Boomsma). Secondary outcome measures 
were clinical scores and metal ion levels for the RHA 
and MoM groups.

Results: periprosthetic lesions were diagnosed in 
six patients in the RHA group (17%), one in the MoM 
group (4%) and six in de CoP group (18%). Although 
solid lesions were exclusively encountered in the 
RHA group, the classification systems revealed no 
clear differences between the groups. There was no 
statistically significant difference between clinical 
scoring, metal ion levels and periprosthetic lesions 
in any of the groups.

Conclusion: periprosthetic fluid collections as seen 
on MARS-MRI have a similar incidence after CoP THA 
and metal on metal RHA. Currently available MRI 
classification systems classify these collections as 

pseudotumours. This might cause an over-estima-
tion of the incidence of pseudotumours. 

Comments: congratulations to the authors on the 
publication of this interesting article. It addresses an 
important question, because numerous patients are 
screened for the formation of pseudotumours after 
MoM bearing THA. It is important to identify the clini-
cally relevant and pathological lesions, because of 
the implications for the treatment of these patients. 
Although the groups in the present study are relative-
ly small, the high incidence of lesions in CoP hips is 
striking. These findings were reproduced in conven-
tional metal on polyethylene (MoP) THA by another 
recent study.1 In 21,8% of MoP THA, pseudotumours 
were found on CT-scan analysis in a study comparing 
conventional MoP THA with large head MoM THA. 
In the present study, the authors state that some 
degree of fluid collection surrounding THA is nor-
mal. However, these collections might be a reaction 
on polyethylene debris, adverse reactions to taper 
corrosion2 or metallosis without actual pseudotu-
mour formation. The clinical relevance of these 
findings in asymptomatic patients is debatable. Al-
though fluid collections surrounding THA might be 
pathologic lesions, decision making on performing 
revision surgery in MoM THA should be based on the 
combination of clinical findings, metal ion levels 
and radiological evaluation of pseudotumour forma-
tion. It would be helpful to develop a radiological 
classification system that separates real pseudotu-
mours from less clinically relevant lesions.
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Proefschriften

Wear is seen as one of the major factors causing 
aseptic loosening after hip arthroplasty. To improve 
wear characteristics, a second generation of Met-
al-on-Metal (MoM) surface bearings was introduced 
in the 1990s. This was particularly interesting for 
younger, more active patients. After systemati-
cally reviewing the literature for implant survival 
we concluded that none of the hip resurfacing sys-
tems did meet the international benchmark, and 
that several implants were used without substan-
tial clinical evidence being available. At that time, 
Metal Artefact Reducing Software (MARS)-MRI was 
not yet available to investigate soft tissue sur-
rounding the implant and aseptic loosening was 
seen as the main failure mode. 
After approximately a million MoM hip implants 
were inserted into patients (both Total Hip Ar-
throplasty (THA) and resurfacing procedures), it 
became clear that complications occurred in soft 
tissues surrounding the hip joint. This pathol-

ogy occurred in response to metal debris released 
from the bearing surfaces and led sometimes to 
severe complications and complex revision sugery. 
A worldwide recall of one of the MoM hip implant 
designs and a freeze on the use in several coun-
tries followed. 
When MARS-MRI became available, we investigated 
soft tissue complications after MoM in both symp-
topmatic and asymptomatic patients and found 
that the incidence of these complications, diag-
nosed as pseudotumors, was higher than expected. 
Pseudotumors also occurred in patients who were 
considered to have a low risk. Cross-sectional im-
aging proved necessary to estimate the incidence, 
since many asymptomatic patients had pseudotu-
mors while standard radiography and metal ion 
concentrations were normal. The majority of ob-
served psuedotumors were graded mild to mod-
erate in severity, without any clinical guidelines 
available on how to manage these cases. When we 
repeated the MARS-MRI investigation, we observed 
little change in the severity of unrevised pseudo-
tumors. This justified our ‘wait and see’ approach 
in patients with mild to moderate pseudotumors. 
Comparing the results of patients is difficult since 
an universal grading system is lacking. We tested 
the reliability of several MARS-MRI classification 
systems to rate the abnormalities seen on MRI and 
this proved to be complex. Observers were clearly 
able to idenfity pseudotumors, but the reliability of 
grading pseudotumor severity was only moderate. 
Diagnosing soft tissue pathology after MoM hip 
arthroplasty in (inter-)national guidelines leans 
heavily on symptoms and blood analysis. This re-
sults in a significant number of undetected cas-
es. In general, these undetected cases are mild 
or moderate pseudotumors, and no appropriate 
clinical guidelines are available for these types of 
pseudotumors. This can result in undertreatment 
of undetected cases and possible overtreatment of 
observed cases. With the ban on the use of MoM 
implants, interest for scientific research on this 
subject has declined. But, we still do not know 
how pseudotumors develop with longer follow up, 
which pseudotumors are best treated conserva-
tively, and what bearing surfaces should be used 
in revision surgery. It is suggested that Dutch re-

Metal-on-Metal Hip Arthroplasty; Local tissue reactions and clinical 
outcome. Walter van der Weegen, LUMC, 11 June 2014
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search institutions, experienced with MoM issues, 
should work closer together to answer these ques-
tions and to advise the Dutch Orthopedic Society 
on these matters. 

Total knee arthroplasty (TKA) is a common surgical 
procedure in the treatment of invalidating oste-
oarthritis of the knee. After TKA about 75-89% of 
the patients is satisfied according to literature. It 
was thought that some of the patients were dis-
satisfied due to poor postoperative flexion. To im-
prove this, high-flexion implants are introduced. 
Unfortunately, several studies showed high rates 
of early aseptic loosening of the high-flexion femo-
ral components, with revision rates up to 38% af-
ter 32 months follow-up. Furthermore, during high 
flexion the patellofemoral contact stresses are 
higher and patellar tracking is altered, this might 
increase the incidence of anterior knee pain.

This thesis investigated the reason for the higher 
rate of aseptic loosening of the cemented femoral 
component during high flexion by using a compu-
ter model (Finite Element Model). This model was 
developed in the Orthopaedic Research Laboratory 

Aseptic loosening and anterior knee pain in high-flexion total knee 
arthroplasty. Sebastiaan van de Groes, Radboudumc, 13 November 2014

The full thesis is available at: http://www.or-
thopeden.org/uploads/dK/Z3/dKZ3HWKmM1P-
Bxqm4ONi90w/Metal-on-metal-hip-arthroplasty-
proefschrift-W-van-der-Weegen-2014.pdf

of the Radboudumc. Furthermore, patellar track-
ing in the natural knee was compared to patellar 
tracking after TKA. Finally, a clinical study was 
performed in which a standard TKA was compared 
to a high-flexion model. 

This thesis showed that some simple preparation 
techniques for the cortical bone surface behind 
the anterior flange of the femoral component, 
could improve the strength of the bond between 
the cement and the bone. According to the com-
puter simulation, the chance of aseptic loosening 
could be reduced from 31.3% to 2.6% during high 
flexion.

Furthermore, this thesis showed that normal patel-
lar tracking is curved. When the knee moves from 
extension to flexion, the patella starts moving from 
medial to lateral to about 80 degrees of flexion 
and then moves to medial again during higher flex-
ion. After TKA this pattern is completely altered. 
However, this thesis showed no clear correlation 
between altered patella tracking and anterior 
knee pain. Finally, through comparison of a stand-
ard with a high-flexion TKA, this thesis showed 
that patients with a high-flexion prosthesis have a 
higher passive postoperative flexion, but equal ac-
tive postoperative flexion. Furthermore, no clear 
difference in anterior knee pain was found. How-
ever, patients achieving more than 130 degrees of 
flexion have a higher pain score. 

The research described in this thesis enables the 
surgeon to improve the femoral component fixation 
in high-flexion TKA, which ultimately might lead to 
improved survival. Furthermore, it was shown that 
patellar tracking is altered after TKA. This might 
play a role in anterior knee pain. Equalizing pre- 
and post-operative patellar tracking might reduce 
the incidence of anterior knee pain and revision 
rate due to unexplained pain. 

The full thesis is available at: http://www.ortho-
peden.org/uploads/Hk/j6/Hkj6hch9Gt1KLdFak5-
wFog/PHD_vdGroes_proefschrift.pdf

Aseptic loosening and 
anterior knee pain in 

high-flexion total knee 
arthroplasty

Sebastiaan van de Groes
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Spinal stability following single level lumbar laminectomy: A biomechanical 
study of the human spine. Arno Bisschop, VUMC Amsterdam, 13 January 2015

The thesis entitled ‘Spinal stability following sin-
gle level lumbar laminectomy: A biomechanical 
study of the human spine’ concerns an in depth 
biomechanical analysis related to single level lum-
bar laminectomy. 

In orthopedic and neurosurgical practice, elderly 
patients often present with symptomatic degener-
ative lumbar spinal stenosis, which can be treated 
with a facet-sparing laminectomy. Post-operative 
symptomatic clinical instability, which is consid-
ered as a serious complication, justifies re-oper-
ation to stabilize and fuse the unstable segment. 
Up to now, there are no clear criteria that define 
the need for additional instrumentation following 
a single level lumbar laminectomy. Although spinal 
stability increases after the application of posteri-
or instrumentation, the procedure of stabilization 
itself increases the probability of implant-related 
complications, including adjacent segment degen-
eration (ASD). Moreover, it significantly increases 
the costs of patient care. 

This thesis is the first to provide a complete over-
view of human cadaveric spinal biomechanics be-

fore and after single level lumbar laminectomy 
in the aged lumbar spine and the biomechanical 
effects of additional posterior instrumentation. 
In case a single level lumbar laminectomy was 
biomechanically evaluated in literature, it usu-
ally considered an animal or finite element model. 
In addition, more extensive decompressive tech-
niques were previously published, while adjacent 
segment instability was only investigated in a lim-
ited number of studies. Literature describing the 
biomechanical effects of adjacent segments after 
rigid posterior instrumentation is also scarce. 

Based on a series of biomechanical experiments, 
this thesis concludes that single level facet spar-
ing lumbar laminectomy destabilizes the lumbar 
spine. To put these biomechanical alterations in 
clinical perspective is a challenge. However, it was 
found that a pre-operative DXA scan to quantify 
BMC provides a surgeon with a practical tool to 
prognosticate which spinal segments have a high 
risk of developing into an unstable one after per-
forming a single level lumbar laminectomy. In most 
cases instrumentation as an additive to single level 
lumbar laminectomy will prove not be necessary 
because residual spinal stability will fall within 
the developed criteria. In case it is decided to use 
additional instrumentation then the presented re-
sults show that it is sufficient to stabilize the de-
compressed segment only. A laminectomy does not 
seem to alter the biomechanical behavior of the 
adjacent segment, however the possible role of 
post-operative muscle function should thereby be 
considered and requires further evaluation in fu-
ture research. Furthermore, in a situation in which 
a single level lumbar laminectomy is instrument-
ed, there does not seem to be a substantial altera-
tion in the biomechanical behavior of the adjacent 
level. Based on these results, it could be argued 
that, in case of a single level decompression with 
additional instrumentation there is no need to ex-
tent the spondylodeses with rigid or topping-off 
dynamic instrumentation techniques.

The full thesis is available at:
http://www.orthopeden.org/uploads/ff/0Y/
ff0Yw-awDJrGdwCPErW8Tg/Proefschrift-Arno-
Bisschop.pdf

Arno Bisschop

Spinal stability
following single 
level lumbar 
laminectomy:

A biomechanical 
study of the 
human spine
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Van de Vereniging

Denise Eygendaal bijzonder hoogleraar orthopedie
Denise Eygendaal, orthopedisch chirurg bij Amphia in 
Breda, is per 1 maart 2016 benoemd tot bijzonder hoog-
leraar orthopedie aan de Faculteit Geneeskunde van de 
Universiteit van Amsterdam. Zij is de eerste vrouwelijke 
hoogleraar orthopedie in Nederland.

Eygendaal is gespecialiseerd in het elleboog-
gewricht en behandelt veel topsporters. Zij is 
bescheiden over de benoeming: “Er verandert ei-
genlijk niet zoveel voor me, want ik hield me al 
bezig met wetenschappelijk onderzoek, onderwijs 
en publicaties. Juist dát heeft tot deze benoeming 
geleid.” Meteen daar achteraan vervolgt zij: “Maar 
het is natuurlijk wel een prachtige erkenning van 
mijn werk. Ik ben echt heel blij dat het AMC, de 
UVA en Amphia achter mij staan en ik zie het als 
een mooie stap voorwaarts!”

Elleboogspecialist
Eygendaal blijft zich ook in deze functie bezighou-
den met de elleboog, vertelt zij: “Ik ga artsen in 
opleiding begeleiden bij het onderzoek naar aan-
doeningen aan de elleboog, in het bijzonder bij 
topsporters. Dat sluit prachtig aan bij het topsport-
expertisecentrum van het AMC. Sinds de benoeming 
werk ik ook een dag per week in het AMC.” 
In het AMC houdt Eygendaal spreekuur voor mensen 
met sport- en hemofilie-gerelateerde elleboog-
klachten. Zij zal zich ook verdiepen in de impact 
van de elleboog op het behoud van arbeid. Voor de 
komende jaren heeft de hoogleraar het volgende 
voor ogen: “Ik hoop qua topsport meer aandacht te 
vragen - én te krijgen - voor preventie, met name 
van OCD. Het zou mooi zijn als er meer bekendheid 
komt over de elleboog en als de multidisciplinaire 
zorg rondom de elleboog nog verder verbetert!” 

Loopbaan
Al tijdens de opleiding tot orthopedisch chirurg raakte 
Eygendaal gefascineerd door het ellebooggewricht. 
Zij startte een onderzoeksproject over instabiliteit 
van de elleboog, samen met de universiteit Leiden 
(LUMC) en de universiteit Århus (Denemarken). In 
2000 promoveerde zij aan de Leidse Universiteit op 
mediale instabiliteit van het ellebooggewricht. Voor 
dit wetenschappelijke werk reikte de NOV in 2002 
de Mathijsenprijs aan haar uit. In 2013 kreeg zij van 
de NOV de Anna Prijs voor het onderzoeksprogram-
ma voor patiënten met chronische aandoeningen 
van de elleboog, o.a. na fracturen rond de elleboog. 
In 2014 verkozen Mednet en de Orde van Medisch 
Specialisten haar tot Toparts. Inmiddels staan er 
vele Nederlands- en Engelstalige publicaties op haar 
naam. Eygendaal is bestuurslid van de Europese Ver-
eniging voor Schouder- en Elleboogchirurgie en een 
van de initiatiefnemers van het onderwijsplatform 
Elleboogkliniek.nl dat als doelstelling heeft om de 
behandeling van elleboogklachten in Nederland te 
verbeteren. Zij is topsportconsulent voor de tennis-
bond, judobond, wielrensport en atletiek. 

De inauguratie is op 2 november 2016 om 16.00 uur 
in de oude Lutherse kerk in Amsterdam.

Fotografie: Amphia
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Zorg voor beweging jaarmagazine is het magazine voor 
uw patiënten, voor het algemeen publiek en daardoor 
ook voor meer formele stakeholders. het jaarmagazine 
brengt de state of the art van de orthopedie naar de lezer 
en laat hem of haar de passie ervaren van de orthopedisch 
chirurg. De artikelen laten zien hoe breed orthopedie als 
specialisme is en hoe dit vakgebied zich ontwikkelt. Daar-
bij komen natuurlijk ook veel patiënten aan het woord; 
zij delen hun verhaal en hun ervaren kwaliteit van leven, 
ook als een volledig herstel niet haalbaar is gebleken.

Net als bij de huidige editie heeft u de mogelijk-
heid om Zorg voor beweging Jaarmagazine 2017 
uw eigen gezicht en inhoud mee te geven. Kies uit 
deze mogelijkheden:
1. Eigen Special en eigen omslag,
2. Alleen een eigen achterzijde,
3. Standaard luxe uitvoering, met ruimte voor een 

adressticker.

Enquête
In april en mei kon u via een enquête uw waarde-
ring over het Jaarmagazine uitspreken. In NOVitei-
ten leest u de resultaten.

Zorg voor beweging Jaarmagazine 2017: uw eigen magazine

Sneak preview inhoud 2017
- Uw eigen Special met 4 pagina’s eigen tekst en 

beeld.
- Opmerkelijk orthopedie, onder andere over tien 

jaar LROI, guided growth en de enkelprothese en  
-artrodese.

- Patiëntportretten, onder andere met Wolter Kroes.
- Een dag orthopedie; Opleiding; Kwaliteit; Ont-

wikkelingen; Columns; Stap voor Stap; Eponiem; 
Orthopedie door de jaren; Onder de loep; Inno-
vatie; Infographic; Wat en wie in de orthopedie.

Informatie en bestellen
Informatie over de kosten, rekenvoorbeelden, tips 
voor de invulling van uw Special en voor de ver-
spreiding van uw oplage vindt u binnenkort op de 
website van de NOV (Patienteninformatie/Cam-
pagne-info).

Heeft u belangstelling voor een Special? Vraag vrij-
blijvend een offerte aan! Kiest u voor een eigen 
achterzijde zonder Special? Tref nu de benodigde 
voorbereidingen voor de foto of voor de vormge-
ving. Meer informatie via nov@orthopeden.org.

Tussen 26 januari en 16 mei 2016 konden NoV-leden een 
projectvoorstel indienen bij het Van Rens Fonds om sub-
sidie aan te vragen voor onderzoek met data van de lRoI. 
het thema van deze subsidieronde is Kwaliteit van ortho-
pedische zorg rond heup- en knieprothesen op basis van 
landelijke registerdata.  

Er zijn elf projectvoorstellen ingediend. Deze va-
riëren in looptijd van zes maanden tot enkele 
PhD-trajecten van vier jaar. De Wetenschappelijke 
Adviesraad (WAR) van de LROI doet de eerste be-
oordeling en stuurt de projectvoorstellen vervol-
gens ter beoordeling naar externe reviewers. In 
beide rondes beoordeelt men o.a. het onderwerp, 

Eerste berichten na deadline Van Rens Fonds
de bijdrage aan de verbetering van kwaliteit van 
orthopedische zorg, maatschappelijke relevantie, 
wetenschappelijke kwaliteit en haalbaarheid van 
het project.

In september zal de WAR de projectaanvragen pri-
oriteren en de besturen van de LROI en het Van 
Rens Fonds adviseren. Medio november ontvangen 
de aanvragers bericht van het Van Rens Fonds over 
de toekenning dan wel afwijzing van hun project-
voorstel.

Liza van Steenbergen
Epidemioloog LROI

Voorbeelden van Specials (Meander Medisch Centrum en OCON) en vakgroepeigen achterzijde (IJsselland Ziekenhuis).
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Nieuwe database LROI in 2016

PROMs in de LROI

In voorgaande edities van dit tijdschrift informeerden wij 
u over de migratie van de lRoI-database naar een nieuw 
softwaresysteem. Wij gaan afscheid nemen van het ver-
trouwde ProMISe en brengen de lRoI-registratie onder 
bij een andere partij; Reports. 

Praktisch en snel  
Op dit moment zijn wij bezig met het ontwerpen 
van de digitale LROI-formulieren. Uitgangspunt 
daarbij is dat deze intuïtief zijn en door iedereen 
in te vullen, zonder extra scholing. De nieuwe soft-
ware werkt sneller, zodat u de informatie sneller 
kunt invoeren en de registratielast significant la-
ger zal zijn. Met het nieuwe systeem kunt u het 
digitale LROI-formulier ook al in de operatiekamer 
invullen. Dit voorkomt achterstand in registratie 
en zorgt ervoor dat uw gegevens zo actueel mo-
gelijk zijn. Doordat het proces tussen operatie en 
registratie in de LROI versnelt, zorgt u ervoor dat 
de traceerbaarheid van de prothese direct gereali-
seerd kan worden; een eis die VWS stelt. 

Barcodes scannen
Een belangrijke - en zeer waardevolle verandering - in 
de ‘nieuwe LROI’ is dat u barcodes van de implanta-
ten kunt scannen. Dit versnelt de registratie en voor-
komt fouten bij de invoer van het artikelnummer. De 
LROI zal de volgende barcodes ondersteunen:
- GS1 barcodering. De meeste implantaten heb-

ben dit type barcode. Deze bestaat uit een uniek 
nummer (het zogenaamde GTIN nummer) dat 

In 2013 bracht de Commissie Kwaliteit van de NoV het 
eerste Patient Reported outcome Measures (PRoMs) ad-
vies voor de heup uit. het primaire doel van PRoMs is 
het evalueren van de resultaten op patiëntniveau. Daar-
naast kunnen PRoMs gebruikt worden voor het bieden 
van benchmark-gegevens. Tot slot kan de PRoMs-meting 
van belang zijn voor het afleggen van verantwoording aan 
derden, zoals patiënt(organisaties) en zorgverzekeraars, 
door kwaliteitsinformatie met hen te delen. 

Benchmark 
Voor het realiseren van goede benchmark, kiest de 
NOV ervoor om gebruik te maken van de LROI. De 
informatie wordt weergegeven vanuit de LROI, zo-
dat we ook de eventuele samenhang met het type 
implantaat kunnen analyseren. Het toevoegen van 
PROMs geeft een extra dimensie aan de LROI; door-
dat we het patiëntenaspect (outcome) toevoegen, 

verwijst naar het referentienummer van het im-
plantaat. Het is van belang dat dit GTIN nummer 
bekend is in de LROI en dat het systeem herkent 
naar welk referentienummer (en dus welke pro-
these) deze verwijst. 

- HIBC barcodering. Een ander groot deel van de im-
plantaten heeft dit type barcode. In deze barcode 
zit het referentienummer verwerkt. Het referentie-
nummer wordt dus direct uit de barcode gelezen.  

Wij verwachten dat één van deze twee soorten 
barcodes bij het merendeel van de implantaten 
gebruikt wordt. Echter, het zou voor kunnen ko-
men dat er tóch een ander type barcode gebruikt 
wordt, of dat er helemaal geen barcode aanwezig 
is. In deze gevallen moet alsnog handmatig het re-
ferentienummer en lotnummer worden ingevoerd. 

Tot slot
Rond september hopen we een eerste proef te 
draaien met de nieuwe LROI-database. Omdat u 
uiteindelijk met het nieuwe systeem gaat werken, 
krijgen wij graag uw feedback. Als u de digitale 
formulieren met ons wilt testen, kunt u zich aan-
melden via lroi@orthopeden.org. Alvast dank voor 
uw reactie! 

Wij zullen u de komende maanden op de hoogte 
houden van de ontwikkelingen.

Geke Denissen
Manager LROI

wordt de LROI ook een kwaliteitsregistratie. 

Bij voldoende PROMs-gegevens kunnen we een goe-
de benchmark opstellen. Hiermee kunnen we u als 
orthopedisch chirurg voorzien van spiegelinforma-
tie, waarmee u de resultaten kunt vergelijken met 
de resultaten van collega’s. Zo kunt u de kwaliteit 
verbeteren op punten waar collega’s het beter doen 
en vice versa. Op het dashboard van de LROI staat 
sinds kort de eerste spiegelinformatie met PROMs-
gegevens. In de nieuwe rapporten kunt u uw eigen 
PROMs-uitkomsten vergelijken met de landelijke 
uitkomsten. Een aantal feiten op een rij: 
- 67 van de 97 zorgaanbieders hebben PROMs in de 

LROI gekoppeld aan THP-ingrepen van 2015.
- Van de 24.801 geregistreerde THP (diagnose ar-

trose) hebben 8.111 operaties een gekoppelde 
pre-operatieve PROM: een pre-operatieve res-
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De komende jaren lijkt de werkgelegenheid van jonge 
Klare orthopeden onder druk te komen. het NoV-bestuur 
vindt het belangrijk om dit - waar mogelijk - te voorkomen 
en heeft daarom een aantal zaken opgepakt, in overleg 
met de Vereniging orthopedisch Chirurgische Assistenten 
(VoCA), opleiders, het Concilium orthopaedicum en de  
Beroepsbelangen Commissie (BBC).

Capaciteitsbeleid
In 2017 wil de NOV het aantal opleidingsplaatsen 
verminderen van 43 naar 32. Vanaf 2023 heeft dit 
effect op het aantal orthopeden. 

Een delegatie van de VOCA en de NOV gaat de ko-
mende maanden in gesprek met vakgroepen ortho-
pedie. Onderwerp van gesprek is de mogelijkheid 
voor uitbreiding van de vakgroep ten behoeve van 
Jonge Klare orthopeden. We zetten bijvoorbeeld uit-
een wat de (financiële) consequenties zijn van een 
extra dagdeel vrije tijd, (gedeeltelijk) vervroegde 
pensionering, een sabbatical etc. Voorafgaand aan 
dit gesprek krijgen de vakgroepen de Notitie Uit-
breiding met Jonge Klare: wat zijn de mogelijke 
consequenties? toegestuurd. De eerste bijeenkom-
sten zijn inmiddels gepland.

Vacaturebank
De NOV heeft een overzicht van werkzoekende 
Jonge Klaren. Daarnaast is de vereniging veelal op 
de hoogte van openstaande vacatures voor waar-
nemingen, fellowships, tijdelijke en vaste banen, 
maar ook van vacatures binnen research, educatie 

Jonge Klaren

pons van 33%. 
- De pre-operatieve respons van de 67 deelnemen-

de zorgaanbieders is 54%. 
- Op uw dashboard ziet u hoe hoog uw pre-operatie-

ve responspercentage is en - op geanonimiseerd 
niveau - ook het percentage van uw collega’s. 

- 55 zorgaanbieders hebben 3 maanden post-ope-
ratieve PROMs toegevoegd aan THP ingrepen van 
2015. 

en management. Via (de website van) de NOV ko-
men vraag- en aanbod gemakkelijk bij elkaar. 
De lijnen zijn kort volgens Chris van der Togt, di-
recteur NOV: “Recent benaderde een vakgroep mij 
met de vraag of ik een ervaren orthopeed kende 
die op korte termijn bij kon springen. Ik heb hen in 
contact gebracht met een Jonge Klare die de ge-
vraagde expertise had en meteen kon beginnen!” 
Is er een vacature bij uw vakgroep? Laat het weten 
aan het NOV-bureau! Wilt u meer weten, kijk dan 
op de NOV-website (Vereniging/Vacaturebank).

NOV Fellowships
Binnen de NOV bestaan geaccrediteerde fellow-
ships; verdiepingen na de opleiding tot orthope-
disch chirurg. Het betreft een verdieping van zes 
maanden binnen een bepaald aandachtsgebied. Zo 
zijn er bijvoorbeeld fellowships kinderorthopedie, 
knie, schouder en wervelkolom. De Jonge Klare or-
thopeden doen er extra kennis en ervaring op en 
vergroten daarmee hun kans op de arbeidsmarkt. 
Om de kwaliteit van deze fellowships te borgen, 
heeft de vereniging een reglement opgesteld. U 
vindt dit - en vacatures voor een fellowship - op de 
website van de NOV (Opleiding/NOV-fellowships).
  
Uw mening
Het NOV-bestuur zal ieder jaar een enquête onder 
de leden uitzetten en gebruikt de reacties als input 
voor het ontwikkelen van het capaciteitsbeleid. 
Heeft u vragen of ideeën op dit gebied? Laat het 
weten via nov@orthopeden.org, of 073-700 34 10. 

- De gemiddelde respons van de 3-maanden post-
operatieve PROMs is 36%. 

Bovenstaande uitkomsten ziet u ook op uw LROI 
dashboard. Heeft u vragen of opmerkingen? Neem 
dan contact op via lroi@orthopeden.org.

Geke Denissen
Manager LROI

hem persoonlijk is de benoeming bijzonder eervol, 
maar ook voor de orthopedie in Nederland is het 
een compliment en een prachtige kans! Het NOV-
bestuur feliciteert collega Verhaar van harte en 
wenst hem veel succes!

In juni werd prof.dr. Jan Verhaar (Erasmus MC) 
benoemd tot President van de European Federa-
tion of National Associations of Orthopaedics and 
Traumatology (EFORT). Verhaar, oud voorzitter 
van de NOV, was al sinds 2014 vicepresident. Voor 

Jan Verhaar President EFORT
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way, bustochten door de Alpen, rondleidingen etc. 
zorgden voor een prettige afwisseling.“

Van Vendeloo heeft veel geleerd, inzicht gekregen 
in de manier waarop de orthopedische zorg wordt 
geleverd in andere landen én vriendschappen op-
gedaan die over de Nederlandse grenzen gaan. “Ik 
zie het als een kans die ik niet had willen missen 
en eigenlijk een must voor alle orthopeden in op-
leiding!”

Fellowship 2017
De opleiders krijgen een uitnodiging om een AIOS 
te kandideren voor het fellowship van volgend jaar. 
Alle EFORT-landen kunnen jaarlijks een orthope-
disch chirurg of traumatoloog nomineren die in het 
laatste jaar van zijn opleiding zit. Meer informatie 
op www.efort.org.

praktijk. Als lid van de NOV kunt u hiervan gratis 
gebruik maken. U volgt deze nascholingen gewoon 
thuis en op een moment dat het u uitkomt. De REP-
online nascholingen zijn geaccrediteerd en de ac-
creditatiepunten worden automatisch toegevoegd 
aan uw GAIA-dossier. We hebben online nascholing 
voor de volgende richtlijnen:
- Hallux valgus
- Primaire idiopathische klompvoet
- Totale knieprothese
U ontvangt drie punten per nascholing. 

Tijdens het congres werd de Göran Bauer’s Grant 
uitgereikt. De NOF heeft deze ingesteld ter nage-
dachtenis aan professor Gören Bauer, een Zweedse 
orthopedisch chirurg. De beurs (€10.000) is bedoeld 
om studiereizen naar orthopedische onderzoeks-
centra of wetenschappelijke bijeenkomsten moge-
lijk te maken. Dit keer ging de beurs naar Torben 
Larssen (Noorwegen) en Frans Hagemans (ANIOS 
Sint Maartenskliniek). Larssen kreeg de beurs als 
coördinerend onderzoeker van de trial ‘Intraveneus 
bifosfonaat bij de behandeling van stressfractuur’. 
Hagemans voor zijn onderzoek naar het gebruik 
van biomarkers bij het voorspellen van artrose na 
een voorste kruisband ruptuur.

Het volgende NOF-congres is van 13-15 juni 2018 in 
IJsland. Wij zeggen alvast Sjáumst í Reykjavík!!

In april vond het jaarlijkse Spring Travelling fellowship 
van de European Federation of National Associations of 
orthopaedics and Traumatology (EFoRT) plaats in oosten-
rijk. De deelnemers kwamen uit veertien verschillende 
landen. Zij bezochten instituten en orthopedische cen-
tra in Wenen, Graz, linz en Krems. Stefan van Vendeloo, 
AIoS bij Isala, was een van de deelnemers. 

Van Vendeloo is enthousiast over de studiereis: 
“Het is echt fantastisch om met collega’s uit an-
dere landen ervaringen uit te wisselen. Ik ben blij 
en vereerd dat de NOV mij geselecteerd heeft!”
Gastland Oostenrijk had een mooi programma sa-
mengesteld. Van een bezoek aan een museum met 
orthopedische hulpmiddelen, tot lezingen, colle-
ges en het bijwonen van verschillende operaties. 
Leerzaam en interessant, volgens Van Vendeloo. 
Hij vervolgt: “Een fantastische stadstour per Seg-

De NoV heeft voor haar leden een overzicht van geaccre-
diteerde nascholing. U kunt dit inzien via de website van 
de NoV (Accreditatie/GAIA agenda). Als u gebruik maakt 
van de filters, selecteert het systeem de nascholing die 
voor u relevant is. 

Online Richtlijn Educatie Programma (REP-Online)
In de lijst van geaccrediteerde nascholing staat 
helemaal onderaan de REP-Online nascholing 
voor orthopeden. Deze online nascholing vertaalt 
de kennis van evidence-based richtlijnen naar de 

Van 27-29 april vond in linköping (Zweden) het tweejaar-
lijkse congres van de Nordic orthopedic Federation (NoF) 
plaats. Naast Denemarken, Estland, Finland, Ijsland, Ne-
derland, Noorwegen en Zweden was dit keer ook litou-
wen aanwezig; dit land telt 250 orthopedisch chirurgen. 
De organisatie zorgde voor een interessant en leerzaam 
programma. 
 
Nederland
Nederland was goed vertegenwoordigd in Zweden: 
maar liefst twee lezingen op uitnodiging, tien vrije 
voordrachten en negen posterpresentaties van on-
ze landgenoten! Vijf Nederlanders kwamen in aan-
merking voor de NOF Congress Grant; een beurs 
voor bijna en recent afgestudeerde orthopedisch 
chirurgen om reis- en verblijfkosten van het NOF-
congres te betalen en er een presentatie te houden.  

EFORT Spring Travelling fellowship Oostenrijk

Nascholing 

Nederland op de kaart tijdens NOF-congres 
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