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oorwoord
Hebt u dat ook wel eens? Heb je net een nieuwe auto, zie je 
opeens heel veel dezelfde auto’s rond rijden. Ben je zwanger, 
zie je opeens overal dikke buiken en kinderwagens.

Zo een gevoel bekroop mij ook toen we na het opioïden-
symposium op de NOV jaarvergadering in het weekend erop 
van de minister hoorden via de krant en nu.nl dat er echt iets 
moest worden gedaan aan de epidemie die dreigt.

Enige tijd later zie ik in de stellingen bij het proefschrift van 
een van mijn AIOS de stelling: Opioid misuse has become a 
national epidemic in America, and Europe is quickly following. 
As healthcare professionals, we should actively search for 
alternatives in pain management in order to turn this crisis 
around (Trasolini et al, J Arthroplasty, 2017). Over stellingen 
werd bij deze promotie niet gediscussieerd en dat is in dit 
geval ook niet nodig lijkt mij, want de boodschap is niet mis 
te verstaan.

Op zich is deze stelling een korte samenvatting van het 
symposium. Een van de zaken die tijdens dit symposium werd 
geopperd was dat de campagne, zoals deze door de AAOS 
in Amerika wordt gevoerd inclusief advertorials op tv, op 
Nederlandse wijze ook zou moeten worden gevoerd. Daarin 
mag de orthopedie best het voortouw nemen wat mij betreft. 
Gelukkig worden voorbereidingen getroffen om dit symposium 
een vervolg te geven, maar voor hen die het misten: 
de presentaties staan op de website van de NOV.

Weer een week later valt Medisch Contact op de deurmat met 
een special over de opioïdencrisis. Ook hier werd beschreven 
dat het zo langzamerhand tijd was voor bezinning omtrent 
het voorschrijfgedrag van artsen en consumptiegedrag van 
patiënten. Ik mag ondertussen wel uit de oude doos zijn: 
ik ben nog van de tijd dat Oxycontin was voor patiënten met 
een maligniteit, maar tegenwoordig krijgt iedereen dit maar 
mee na een operatie in de race om de kortste opnameduur. 
Een aantal suggesties van mijn kant: breng de paracetamol 
1000 weer terug in het basispakket, maak de opname iets 
langer, maar zorg met name voor een juiste mindset van 
patiënt en arts door niet te pas en te onpas te roepen dat 
men na een operatie geen pijn hoeft te hebben!

Dr. Taco Gosens, hoofdredacteur
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De Nederlandse Orthopaedische Vereniging werd op  
1 mei 1898 in Amsterdam opgericht.

De Vereniging heeft als doel: 
- Het bevorderen van studie en het verbreiden van kennis 

van de conservatieve en operatieve ortho pedie onder 
artsen.

- Het behartigen van de sociale belangen van de artsen 
die de orthopedie uitoefenen, zowel binnen de vereni-
ging als daar buiten.

Het Nederlands Tijdschrift voor Orthopaedie is het officiële 
orgaan van de Nederlandse Orthopaedische Vereniging. Het 
heeft ten doel de leden van de Vereniging en andere geïn-
teresseerden te informeren over ontwikkelingen op ortho-
pedisch gebied, waarbij zowel klinische als fundamentele 
aspecten worden belicht. Deze doelstelling wordt verwe-
zenlijkt in de vorm van oorspronkelijke artikelen, edito-
rials en verslagen van wetenschappelijke vergaderingen, 
met name die van de NOV. Naast verenigingsnieuws wordt 
ook aandacht besteed aan recent verschenen literatuur 
en proefschriften. Voorts worden congressen, symposia en 
workshops op het gebied van de orthopedie aangekondigd.

Beweringen en meningen, geuit in de artikelen en medede-
lingen in deze publikatie, zijn die van de auteur(s) en niet 
(noodzakelijkerwijs) die van de redactie. Grote zorgvuldig-
heid wordt betracht bij de samenstelling van de artikelen. 
Fouten (in de gegevensverwerking) kunnen echter niet altijd 
voorkomen worden. Met het oog hierop en omdat de ontwik-
kelingen in de medische wetenschap snel voortschrijden,  
wordt de lezer aangeraden onafhankelijk inlichtingen in te  
winnen en/of onderzoek te verrichten wat betreft de 
vermelde diagnostische methoden, doseringen van medi-
cijnen, enz. De redactie wijst elke verantwoordelijkheid  
of aansprakelijkheid voor (de juistheid van) dergelijke gege- 
vens van de hand en garandeert noch ondersteunt enig  
produkt of enige dienst, geadverteerd in deze publikatie, 
noch staat de redactie garant voor enige door de vervaar-
diger van dergelijke produkten gedane bewering.

Conform de richtlijnen van de Inspectie voor de Gezond-
heidszorg (sectie reclametoezicht) zijn reclame-uitin-
gen voor en productinformatie van receptgeneesmid-
delen door farmaceutische bedrijven in het Nederlands  
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voor te schrijven.
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Introduction 

In spite of all the publications about anterior cru-
ciate ligament reconstruction (ACLR), the graft 
choice is still controversial. The hamstring tendon 
and patellar tendon are, however, the most fre-
quently used grafts.1,2 The primary function of the 
anterior cruciate ligament (ACL) is to prevent an-
terior translation of the tibia. It acts as a secondary 
stabilizer against tibial internal rotation and valgus 
angulation of the knee.3,4 ALC injury is therefore 
especially common in athletes participating in piv-
oting sports such as soccer. The Swedish National 
ACL Register estimates the total incidence of ACL 
injuries at 80 per 100,000 inhabitants a year.5 ACL 
injury is a serious knee injury that often prevents 
young and active people performing heavy physical 

work or to engage in sport at a recreational or elite 
level without satisfactory treatment.5 A recently 
published study approximates that 50-60% of all 
individuals with an ACL injury are treated with 
ACLR surgery.6 The goal of an ACLR is to restore 
the functional stability of the injured knee and 
hereby minimizing degeneration of the articular 
cartilage.7 Because the mean age at the primary 
ACLR is young, 26 years for females and 28 years 
for males, the highest direct and indirect medical 
cost of sport injuries are found after ACL injury.8,9 
ALCR is, however, considered a cost effective knee 
stabilizing treatment.10

ACLR has evolved remarkably over the past three 
decades and has largely been based on improved 
understanding of the biomechanics of the ACL 
anatomy, development of new specialized surgical 
devices facilitating anatomical reconstruction and 
better imaging techniques.11-14

In terms of graft choice for ACLR there has been 
a shift from patellar tendon to hamstring tendon 
usage over the past few years because of donor 
site morbidity issues such as anterior knee pain and 
extension deficits.8,11-13,15,16 A nationwide popula-
tion-based cohort study approximated the cumula-
tive revision rates for hamstring tendon grafts at 1 
and 5 years as 0.65% and 4.45%, respectively. For 
patellar tendon grafts these rates were 0.16% af-
ter 1 year and 3.03% after a follow-up of 5 years.15 
Similar findings were reported in a recent meta-
analysis of 47,613 patients.17 The use of hamstring 

Introduction: The purpose of this study was to evaluate differences in objective and subjective outcomes after anatomi-
cal bone-patellar tendon-bone single-bundle (PT) or trans-tibial quadruple-strand semitendinosus/gracilis tendon (4GST) 
anterior cruciate ligament reconstruction (AClR). We hypothesised that there would be no differences in outcome after 
a follow-up of a minimum of 2-years. 
Methods: Ultimately, 47 patients with a PT and 36 with a 4GST AClR completed a questionnaire (patients characteris-
tics, International-Knee-Documentation-Committee-subjective-score (IKDC), Visual-Analogue-Scale (VAS-pain and VAS-
satisfaction), Tegner-activity-scale, 12-Item-Short-Form-health-Survey (MCS -12 and PCS-12)) and were included in this 
study. 69 patients also visited our hospital for a physical examination (range-of-motion (RoM), lachman-test, anterior-
drawer-test, pivot-shift-test, hop-test-battery). Differences in outcome were calculated with the Pearson-chi-squared-
test, Fischer’s-exact-test, unpaired-t-test or Mann-Whitney-U-test. The significance level was set at P<0.05.
Results: Although there was more meniscus and collateral damage (p=0.045) and more concomitant repair (p=0.001) in 
the PT-group, these patients ultimately achieved a significant higher sports level (p=0.044) and reported a significant 
superior state (p=0.012) of mental health (MCS-12 score). Patients who’s AClR re-ruptured had significant lower func-
tion scores (IKDC: p=0.036, Tegner-activity-scale: p=0.005, PCS-12: p=0.025) and were less satisfied (p=0.019). 
Conclusions: Both surgical techniques provide good patient outcomes. however, in this study a higher return to sport 
activity level and a better health state was found in favour of the PT-group.
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druple-strand semitendinosus/gracilis tendons 
autograft. The standard antero-lateral portal was 
reserved for the arthroscopic lens and the medial 
portal for the shaver and hook.
The tibial tunnel was created by flexing the knee 
in 90 degrees, while inserting a tibial jig via the an-
tero-medial portal and subsequently drill the guide 
pin and a reamer appropriate to the graft diam-
eter. For the femoral tunnel the knee was flexed to 
110 degrees. For the right knee the femoral tunnel 
was drilled at 11 o’clock and for the left knee at 1 
o’clock. For graft fixation, a bio-transfix made of 
Poly L-lactide acid was used in the femoral side and 
a bio-composite delta screw, length 35mm, made 
of 30% biphasic calcium phosphate and 70% Poly-
L/D-lactide was used in the tibial side. In all cases 
the diameters of applied screws were 1 or 2 millim-
eters larger than the tunnel diameter.22

In the double incision anatomical PT fixation ACLR 
technique the patellar tendon was harvested and 
prepared. To facilitate arthroscopic surgery a high 
antero-lateral portal was made in the corner be-
tween the patella tendon and patella. For the 
femoral tunnel drilling, a 3 cm long second incision 
was made, 4 cm proximal to the lateral epicondyle. 
The aiming device was placed at the native ACL 
femoral attachment, through the medial portal, af-
ter which the guide wire was introduced from the 
outside in. The desired tunnel position indicated by 
the guide wire was drilled and reamed in a wedge 
shaped fashion. For the tibial tunnel an aiming de-
vice was placed between the tibial spines. Under 
arthroscopic control the guide wire was introduced 
through the aiming device.18,19 For graft fixation, a 
titanium interference screw was used at the tibial 
side. The prepared bone block for the femoral fixa-
tion was wedge shaped and was tapped down in the 
wedge reamed femoral tunnel, locking itself. All 
4SGT’s were performed by the same orthopaedic 
surgeon with 4 years of experience with this tech-
nique at the onset of the study. The orthopaedic 
surgeon who performed the PT’s had 10 years of 
experience with this technique at the start of the 
study. All patients were rehabilitated with a stand-
ardised rehabilitation protocol. The rehabilitation 
protocol consisted of obtaining and maintaining full 
ROM, optimizing muscle strength, optimizing en-
durance and neuromuscular training as described 
by van Grinsven et al.23 

Participants and outcomes
Patients were excluded in the case of skeletally 
immaturity (age <18 years), bilateral ACL injury, 
revision ACLR, concomitant treatment for articular 
cartilage defects, multiple ligament injury or if the 
PT or 4SGT graft had to be harvested from their 

tendon grafts in ACLR seem associated with an in-
creased risk of revision compared to patellar ten-
don grafts, in particular during the first year after 
surgery. The relatively higher re-rupture rate of 
hamstring tendon grafts, mentioned in recent lit-
erature, was also noticed in the clinical practice 
of our centre. For this reason some of our ortho-
paedic surgeons switched from quadruple-strand 
semitendinosus/gracilis tendon (4SGT) ACLR to 
anatomical bone-patellar tendon-bone single-bun-
dle (PT) ACLR.18,19 The main advantage over trans-
tibial hamstring ACLR is that the femoral and tibial 
tunnels can be made independent of each other, 
to create a more “anatomical” reconstruction.19 
Furthermore an animal study suggested that patel-
lar tendon grafts heal more rapidly (bone-to-bone 
healing) than hamstring tendon grafts (bone-to-
tendon healing).20 The disadvantages are a second 
incision and an increased surgical trauma to the 
knee in general compared to hamstring ACLR.15 
Whether the different graft types influence physi-
cal outcome over time is unclear.7,15,16,21

Therefore, the purpose of our study is to investi-
gate whether patients report differences in objec-
tive outcomes (range of motion (ROM), Lachman 
test, Pivot shift test, and Hop tests) and subjective 
outcomes (The IKDC Subjective Knee Form (IKDC)), 
visual analogue scales for pain and satisfaction (VAS 
pain and VAS satisfaction), Tegner activity scale and 
the 12-Item Short Form Health Survey (SF-12)) after 
PT or 4GST ALCR. The main objective of this study 
was to evaluate clinical knee scores for both groups 
using the IKDC subjective score at the 2-year fol-
low-up. We hypothesised that there are no differ-
ences in reported primary and secondary outcomes 
between the 2 grafts at the2-year follow-up. 

Materials and methods 

Study design and setting
The Regional Medical Ethical Committee of The 
Netherlands stated that approval was not required. 
The study protocol of this comparative 3-year fol-
low-up study was, however, approved by the Local 
Scientific Committee (Lokale Haalbaarheidscom-
missie, LHC) of the Rijnstate Hospital. Between 
2010 and 2012, 128 ACL injured patients underwent 
ACLR with either a transtibial 4SGT (Arthrex, Na-
ples, USA) or a double incision anatomical PT fixa-
tion (Instrumed, Luzern, Switzerland / Arthrex, 
Naples, USA) technique in the Rijnstate Hospital, 
the Netherlands (as to the preference of the oper-
ating orthopaedic surgeon). 

Surgery techniques and rehabilitation protocol
The trans-tibial 4SGT ACLR technique uses a qua-

■   ACL reconstruction (trans-tibial hamstring versus anatomical patellar tendon technique) – a 2-year follow-up study
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Table 1. Demographic data for patients with 4SGT (N=36, 43%) or a PT autograft (N=47, 57%).  

 Total (N=83) 4SGT (N=36) PT(N=47) p-value 

Sex:*       0.359
- male 53 / 63.9 21 / 58.3 32 / 68.1
- female 30 / 36.1 15 / 41.7 15 / 31.9 

Injured leg:*    0.154
- left 48 / 57.8 24 / 66.7 24 / 51.1
- right 35 / 42.2 12 / 33.3 23 / 48.9

Sports activity level     
before ACL injury:*    0.396
- physically inactive 0 / 0.0 0 / 0.0 0 / 0.0 
- 2-4 times per month 6 / 7.2 4 / 11.1 2 / 4.3
- more times per week 70 / 84.3 31 / 86.1 39 / 83.0
- top athlete 7 / 8.4 1 / 2.8 6 / 12.8

BMI** 24.3 (2.9) 24.1 (2.8) 24.4 (3.0) 0.682 

Age at ACL injury*** 23.0 (13-52) 23.0 (13-52) 22.0 (15-49) 0.730 

Activity during ACL injury:*    0.492
- ADL 4 / 4.8 2 / 5.6 2 / 4.3
- sports 74 / 89.2 31 / 86.1 43 / 91.5
- traffic 4 / 4.8 2 / 5.6 2 / 4.3
- work 1 / 1.2 1 / 2.8 0 / 0.0
- other 0 / 0.0 0 / 0.0 0 / 0.0

Concomitant injury:*    0.045
- none 38 / 45.8 21 / 58.3 17 / 36.2 
- medial meniscus injury 20 / 24.1 5 / 13.9 15 / 31.9
- lateral meniscus injury 18 / 21.7 9 / 25.0 9 / 19.1
- other 7 / 8.4 1 / 2.8 6 / 12.8

Age at ACLR:*** 24.0 (15-53) 24.0 (15-53) 23.0 (15-53) 0.656 

Concomitant repair during ACLR:*    0.001
- none 55 / 66.3 31 / 86.1 24 / 51.1 
- meniscopexie 5 / 6.0 1 / 2.8 4 / 8.5 
- meniscectomy 22 / 26.5 4 / 11.1 18 / 38.3 
- other 1 / 1.2 0 / 0.0 1 / 2.1

Sports activity level after ACLR:*    0.044
- physically inactive 2 / 2.4 1 / 2.8 1 / 2.1 
- 2-4 times per month 13 / 15.7 9 / 25.0 4 / 8.5 
- more times per week 62 / 74.7 25 / 69.4 37 / 78.7 
- top athlete 6 / 7.2 1 / 2.8 5 / 10.6

ACLR rupture:*    0.502
- no 73 / 88.0 33 / 91.7 40 / 85.1
- yes 10 / 12.0 3 / 8.3 7 / 14.9

* frequency / percentage, ** average (standard deviation), *** median (range) 
4SGT = Quadruple-Strand Semitendinosus/Gracilis Tendons Autograft, PT = single bundle bone patellar-tendon bone 
autograft, ACL = Anterior Cruciate Ligament, BMI= Body mass index (kg/m2), ADL = Activities of Daily Living, 
ACLR = Anterior Cruciate Ligament Reconstruction

sent form, completed an eight-page questionnaire 
and were ultimately included in this retrospective 
study in 2015. 
The questionnaire included questions about pa-
tient characteristics (such as BMI, sports activity 
level before ACL injury, age at ACL injury, activity 

contralateral leg, leaving 120 out of 128 patients 
eligible for inclusion. 21 patients refused participa-
tion or were not able to participate in the study. 16 
patients could not be reached by mail, telephone 
or letter. Eighty-three patients, 53 males (64%) 
and 30 females (36%), signed the informed con-

■   ACL reconstruction (trans-tibial hamstring versus anatomical patellar tendon technique) – a 2-year follow-up study
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Changes in the IKDC score ≥9 points represents a 
true change, and a score <9 points represents a 
sampling error due to the occasion of testing.24

Results

Of the 83 included patients 36 received a 4SGT 
ACLR and 47 underwent a PT ACLR. At the base-
line, there were no significant differences in sex, 
injured leg, sports activity level before ACL injury, 
BMI, age at ACL injury and activity during ACL in-
jury, between the two groups. There was, however 
significant more concomitant injury in the PT group 
when compared to the 4SGT group (p=0.045). Fur-
thermore, the amount of concomitant repair during 
ACLR was also exceedingly higher in the PT group 
when compared to the 4SGT group (p=0.001). De-
spite of this a significant higher sports activity level 
was achieved in the PT group (=0.044) after ACLR 
(see Table 1).
Of the 83 included patients who returned the ques-
tionnaires, sixty-nine were able to visit the Rijn-
state Hospital for a physical examination. We could 
find no significant differences between the 4SGT 
and PT group in the primary outcome (IKDC) and 
in the secondary outcomes (ROM-extension, ROM-
flexion, Lachman-test, Anterior-drawer-test, Piv-
ot-shift-test, hop-tests, VAS-pain, VAS-satisfaction, 
Tegner-activity-scale and the Physical-Component-
Summary of the SF-12), except for the Mental-
Component-Summary of the SF-12 questionnaire. 
This secondary outcome was significant worse in 
the 4SGT group (p=0.012) (see Table 2).
10 of the 83 included patients received a reconstruc-
tion after a re-ruptured ACLR (3 in the 4SGT group 
and 7 in the PT group, see table 1). 90% (9/10) of 
these patients were able to visit the Rijnstate Hos-
pital for a physical examination. We could not find 
any significant difference in the objective outcomes 
(ROM-extension, ROM-flexion, Lachman-test, An-
terior-drawer-test, Pivot-shift-test and hop-tests) 
between the groups with and without a re-rupture 
of the ACLR. No difference in the subjective VAS-
pain and Mental-Component-Summary of the SF-12 
outcomes could be found either between the two 
groups. The group with no re-rupture was, however, 
significant more satisfied (p=0.019), had significant 
higher scores on the IKDC (p=0.036), Tegner-activ-
ity-scale (p=0.005) and the Physical-Component-
Summary of the SF-12 (p=0.025) (see Table 3). 

Discussion 

As hypothesized, no differences were found in the 
vast majority of the reported primary (IKDC) and sec-
ondary outcomes (VAS-pain, VAS-satisfaction, Tegner 

during ACL injury, sports activity level after ACL re-
construction and whether the ACLR was ruptured), 
Visual-Analogue-Scales (range 0-100. VAS-pain: 
optimum score is 100. VAS-satisfaction: optimum 
score is 0), the Tegner-activity-scale (graduated 
list of activities of daily living, recreation and com-
petitive sports with a range 0-10 and an optimum 
score of 10), the 12-Item-Short-Form-Health-Sur-
vey (the SF-12 ranges from 0-100 and consists of 
12 questions which measure functional and mental 
health. 100 is the optimum score) and the Inter-
national-Knee-Documentation-Committee-subjec-
tive-score (IKDC). The IKDC measures symptoms 
(pain, swelling, instability) and limitations in func-
tion after knee-related trauma and served as the 
primary outcome. Higher scores (maximum, 100) 
reflected fewer symptoms and better knee func-
tion compared to a lower score (minimum, 0). For 
a thorough description of these well-known ques-
tionnaires, please see reference.24-30

Of the 83 included patients, sixty-nine were able 
to visit the Rijnstate Hospital for a physical exami-
nation by an experienced examiner and an experi-
enced orthopaedic surgeon, who were not involved 
in the surgery or rehabilitation. The range-of-motion 
of the knee was measured in degrees with a long-
arm goniometer in flexion and extension (ROM), 
the Lachman-test / anterior-drawer-test and pivot-
shift-test were used to diagnose injury of the ACL 
and a hop-test-battery (single-leg-hop-for-distance, 
single-leg-hop-and-hold-test and the side-hop-test) 
was used to evaluate the dynamic and active knee 
stability even while developing muscle fatigue. As 
all these physical examination tests have been ex-
tensively described before, please refer to the ref-
erence for further explanation.31-39 

Statistical methods
All data were analyzed with SPSS for windows (ver-
sion 21.0, SPSS Inc., Chicago, IL, USA). For all vari-
ables adequate measures of location (frequency 
counts, means or medians) and spread (ranges or 
standard deviations) were calculated. The Pearson 
chi-squared test or Fischer’s exact test was used for 
comparison in case of categorical variables and the 
unpaired t-test or Mann-Whitney U test was used 
for the comparison of continuous variables (IKDC, 
VAS pain or satisfaction). Normal distribution and 
variance of a continuous variable were tested with 
the Kolmogorov-Smirnov and the Levene’s test. 
The significance level was set at P<0.05. Sample 
size calculation indicated that 24 patients were 
required per group to statistically detect (with a 
power of 80%, a type 1 error of 5% and a standard 
deviation set at 11) a difference in IKDC score of 9, 
between the means of the PT and the 4SGT group. 

Suzanne A.E. Huurman, Susan van Grinsven, Dennis Kok and Corné J.M. van Loon   ■

Nederlands Tijdschrift voor Orthopaedie, Vol 26, Nr 1, maart 2019 ■   7



 Vol
 26

mrt
  ’19

Table 2. Results follow-up for patients with 4SGT or a PT autograft.  

 Total (N=69) 4SGT (N=31) PT (N=38) p-value
 14 missing 5 missing 9 missing

Degrees knee extension  -2.0 (-20-10)* -3.3 (3.5)** -2.0 (-20-10)* 0.999 

Degrees knee flexion  140.0 (120-160)* 139.7 (10.1)** 140.6 (120-160)* 0.681 

Lachman:***    0.231
- - 23 / 27.7 8 / 22.2 15 / 31.9 
- + 42 / 50.6 19 / 52.8 23 / 48.9 
- ++ 4 / 4.8 4 / 11.1 0 / 0.0
- +++ 0 / 0.0 0/ 0.0 0 / 0.0 

Anterior drawer test:***    0.187
- - 34 / 41.0 18 / 50.0 16 / 34.0
- + 30 / 36.1 10 / 27.8 20 / 42.6
- ++ 5 / 6.0 3 / 8.3 2 / 4.3
- +++ 0 / 0.0 0 / 0.0 0 / 0.0 

Pivot-shift:***    0.634
- - 40 / 48.2 17 / 47.2 23 / 48.9 
- sliding 17 / 20.5 7 / 19.4 10 / 21.3
- ++ 11 / 13.3 6 / 16.7 5 / 10.6
- +++ 1 / 1.2 1 / 2.8 9 / 19.1

 Total (N=65) 4SGT (N=28) PT (N=37) p-value
 18 missing 8 missing 10 missing

Hop distance symmetry index 95.3 (53.6-201.8)* 96.8 (63.3-201.8)* 90.6 (16.7)** 0.165 

 Total (N=69) 4SGT (N=31) PT (N=38) p-value
 14 missing 5 missing 9 missing

Successful performed     
single hop ACLR side:***    1.000
- no 11 / 13.3 7 / 8.4 5 / 13.9
- yes 58 / 69.9 62 / 74.7 26 / 72.2
Successful performed     
single hop other side:***    1.000
- no 3 / 8.3 6 / 12.8 4 / 8.5
- yes 28 / 77.8 32 / 68.1 34 / 72.3

 Total (N=64) 4SGT (N=28) PT (N=36) p-value
 19 missing 8 missing 11 missing

Side hop symmetry index 94.0 (0.0-428.6)* 96.0 (32.3)** 90.7 (0- 428.6)* 0.725 

 Total (N=83) 4SGT (N=36) PT (N=47) p-value 

VAS-pain* 7.0 (0-87) 8.0 (0–87) 7.0 (0-84) 0.500 

VAS-satisfaction* 86.0 (0-100) 88.0 (5-100) 82.0 (1-100) 0.307 

IKDC subjective score* 86.2 (41.4–100) 86.2 (43.7–100) 86.2 (41.4-97.7) 0.727 

Tegner score* 7.0 (1-10) 6.5 (3-10) 7 (1-10) 0.317 

SF-12 score:* 
- PCS-12 54.1 (31.7-60.0) 54.2 (37.6-60.0) 53.7 (31.7-57.5) 0.363
- MCS-12 56.2 (29.0-63.7) 55.2 (29.0-60.8) 57.8 (36.9-63.7) 0.012

* median (range), ** average (standard deviation), *** frequency / percentage 
4SGT = Quadruple-Strand Semitendinosus/Gracilis Tendons Autograft, PT = single bundle bone patellar-tendon bone 
autograft, ACLR = Anterior Cruciate Ligament Reconstruction, IKDC = International Knee Documentation Committee, 
SF-12 = The 12-item short form health survey, PCS = Physical Component Summary, MCS = Mental Component 
Summary, VAS = Visual Analogue Scale
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bone autografts. 212 of 7560 (2.80%) bone-tendon-
bone grafts ruptured compared with 1123 of 39,510 
(2.84%) in the hamstring group (odds ratio = 0.83, 
95% confidence interval, 0.72-0.96; p = 0.01). How-
ever, failure rates were low in each group and much 
lower compared to the failure rates we reported in 
the present study (4SGT: 8.3%, PT:14.9%). 

Limitations 
As any study, the present study has several limi-
tations that may have affected the internal and 
external validity of the results. Firstly, due to the 
retrospective character of this study we were not 
able to randomise the allocation of patients to the 
PT- or 4SGT-group. This may have resulted in biased 
estimates. As there are no randomised prospective 
studies on this topic available to support or to re-
ject our results, we feel that the execution of a 
methodologically sound randomised clinical trial 
should be the focus of future research. Secondly, 
the PT- and 4GST-group differed not only in graft 
type but were performed by 2 different orthopaed-
ic surgeons using different techniques (anatomical 
versus trans-tibial). Although this may have result-
ed in an additional bias, both surgeons were very 
experienced in their preferred technique. Thirdly, 
the use of the VAS, which is a simple 1-dimensional 
analogue-rating-scale to assess the patient’s sub-
jective pain level. A well-recognized limitation of 
such a simple 1-dimensional scale is that patients 
tend to report high scores and their ability to de-
tect subtle changes is limited.45 However, the VAS 
is used in both study groups, therefore we don’t 
think this will influence the study results in a nega-
tive way. Fourthly, postoperative rehabilitation 
was the same in both groups.23 Although this is a 
strength of the study in our opinion, a randomized 
controlled trial of Heijne et al. revealed that early 
initiation of open kinetic chain exercises after ACLR 
with patellar or hamstring tendon grafts, resulted 
in significant greater anterior knee laxity in the 
hamstring tendon group.46 In the present study we 
tested, however, the laxity/injury of the ACLR with 
three different tests (Lachman, Anterior-drawer 
and Pivot-shift-test) and were not able to prove 
any difference in laxity between the 2 graft type 
groups. A last weakness of our study could be, that 
we did not use the manual-maximum KT-1000 test. 
It is possible that this test would have revealed a 
small but measurable difference in laxity between 
the study groups. Though, the clinical relevance of 
this difference could be questioned. 

Strength
Although Arnold et al. published before about the 
beneficial aspects of the anatomical PT-ACLR surgi-

activity scale, ROM, Lachman test, anterior drawer 
test, pivot shift test, hop test battery and PCS-12). 
Although there was more concomitant injury in the 
PT group and subsequently more concomitant repair 
during PT ACLR, these patients ultimately achieved 
a significant higher sports level and reported a sig-
nificant superior state of mental health (MCS-12 
score). There was no difference in the re-rupture 
rate between the two groups. Patients whose ACL 
re-ruptured had significant less function and were 
less satisfied after re-reconstruction.
To the best of our knowledge, ours is the first study 
to compare the anatomical, single bundle bone 
patellar-tendon bone ACLR with the 4SGT ACLR. 
Therefore, comparing our results with former lit-
erature is not possible. Subsequently we compared 
our study findings with randomised controlled trials 
(RCT’s) or reviews which compare our 4SGT tech-
nique with the most common trans-tibial PT tech-
nique at the time that the study was commenced. 
In the present study, we were not able to find dif-
ferences in the vast majority of the reported pa-
tients outcomes. Our results support the findings of 
the RCT of Webster et al.40 and a systematic review 
of Mothadi et al.41 These authors could not find any 
significant differences in the clinical outcomes and 
knee-stability between their trans-tibial patellar 
tendon and 4SGT group either.
Our study revealed, surprisingly, that although 
there was more concomitant injury in the PT group 
and subsequently more concomitant repair dur-
ing PT ACLR, these patients ultimately achieved a 
significant higher sports level and reported a sig-
nificant superior state of mental health (MCS-12 
score). Webster et al. conducted a RCT (trans-tibial 
PT graft versus 4SGT graft) with a follow- up time 
of 15 years, that is in support of our results as their 
PT graft patients were also more active in sport par-
ticipation.40 Furthermore, it is interesting to men-
tion that a former report of Vella et al. showed that 
there is an association between sport involvement 
and mental health in adolescence.42 To explain these 
similar results, we think that it could be argued that 
patients with a significant superior state of mental 
health have more confidence in their knee, which 
could result in less fear of a re-rupture. 
Patients whose ACL re-ruptured had significantly 
less function and were less satisfied after re-recon-
struction. This corresponds to the findings in the 
meta-analysis of Andriolo et al.44 We found howev-
er no difference in re-rupture rate between our two 
study groups. This is in contrast with a recently pub-
lished (2017) meta-analysis of 47,613 patients. Sam-
uelsen et al.43 concluded after a short- to mid-term 
follow- up period that primary hamstring autografts 
failed at a higher rate than primary bone-tendon-
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Table 3. Results follow-up for patients with or without a re-reconstruction.  

 Total (N=69) Re-rupture (n=9) No re-rupture (n=60) p-value
 14 missing 1 missing  13 missing

Degrees knee extension  -2 (-20-10)* -3.4 (5.9)** -2 (-20-2)* 0.911

Degrees knee flexion 140.0 (120-160)* 141.1 (4.3)** 140.0 (9.2)* 0.732

Lachman:***    0.254
- - 23 / 27.7 1 / 10.0 22 / 30.1 
- + 42 / 50.6 8 / 80.0 34 / 46.6
- ++ 4 / 4.8 0 / 0.0 4 / 5.5
- +++ 0 / 0.0 0 / 0.0 0 / 0.0 

Anterior drawer test:***    0.151
- - 34 / 41.0 2 / 20.0 32 / 43.8
- + 30 / 36.1 6 / 60.0 24 / 32.9
- ++ 5 / 6.0 1 / 10.0 4 / 5.5
- +++ 0 / 0.0 0 / 0.0 0 / 0.0 

Pivot-shift:***    0.477
- - 40 / 48.2 4 / 40.0 36 / 49.3
- sliding 17 / 20.5 2 / 20.0 15 / 20.5
- ++ 11 / 13.3 3 / 30.0 8 / 11.0
- +++ 1 / 1.2 0 / 0.0 1 / 1.4 

 Total (N=65) Re-rupture (n=8) No re-rupture (n=57) p-value
 18 missing 2 missing  16 missing

Hop distance symmetry index 95.3 (53.6-201.8)* 81.3 (13.8)** 97.0 (57.9-201.8)* 0.074

 Total (N=69) Re-rupture (n=9) No re-rupture (n=60) p-value
 14 missing 1 missing  missing

Successful performed 
single hop ACLR side:***    1.000
- no 11 / 13.3 7 / 8.4 1 / 10.0
- yes 58 / 69.9 62 / 74.7 8 / 80.0
Successful performed 
single hop other side:***    1.000
- no 1 / 10.0 10 / 13.7 6 / 8.2
- yes 8 / 80.0 50 / 68.5 54 / 74.0

 Total (N=64) Re-rupture (n=8) No re-rupture (n=56) p-value
 19 missing 2 missing  17 missing

Side hop symmetry index* 94.0 (0.0-428.6) 86.2 (0-103.3) 94.6 (50-428.6) 0.260 

 Total (N=83) Re-rupture (n=10) No re-rupture (n=73) p-value 

VAS-pain 7.0 (0- 87)* 23.8 (20.2)** 5.0 (0-87)* 0.152 

VAS-satisfaction 86.0 (0-100)* 49.2 (34.2)** 88.0 (21-100)* 0.019 

IKDC subjective score 86.2 (41.4–100)* 66.9 (21.0)** 86.2 (44.8-100)* 0.036 

Tegner score 7.0 (1-10)* 4.4 (2.7)** 7.0 (2-10)* 0.005 

SF-12 score: 
- PCS-12* 54.1 (31.7-60.0) 39.4 (31.7-57.2) 7.0 (2-10) 0.025
- MCS-12 56.2 (29.0-63.7)* 53.6 (8.5)** 56.6(29.0-62.1)* 0.465

* median (range), ** average (standard deviation), *** frequency / percentage) 
4SGT = Quadruple-Strand Semitendinosus/Gracilis Tendons Autograft, PT = single bundle bone patellar-tendon bone 
autograft, ACLR = Anterior Cruciate Ligament Reconstruction, ACL = Anterior Cruciate Ligament, ADL = Activities of 
Daily Living, IKDC = International Knee Documentation Committee, SF-12 = The 12-item short form health survey, 
PCS = Physical Component Summary, MCS = Mental Component Summary
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cal technique, our retrospective study is the first 
to actually compare the objective and subjective 
outcomes of this technique with the 4GST-ACLR 
technique.18,19 Another strength of this study is 
the fact that unbiased observers, who were not in-
volved in the surgery or rehabilitation, performed 
the evaluations. The 2 only variables that differed 
between the PT and 4STG study groups were the 
type of graft and the femoral tunnel technique. 
All the other factors that could impose an impor-
tant impact on final outcome (e.g.: the skill of the 
surgeons and the rehabilitation protocol,) were 
identical.23,47 

Conclusion

The two surgical techniques provide both good ob-
jective and subjective patient outcomes. However, 
in this study a higher return to sport activity level 
and a better health state was found in favour of 
the PT-group. We therefore feel that experienced 
PT-ACLR surgeons should consider to advise the PT-
ACLR for young and active athletes.
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Introduction

The Crigler-Najjar syndrome (CNS) is a rare dis-
order caused by a dysfunction of the enzyme re-
sponsible for bilirubin conjugation in hepatocytes, 
resulting in high levels of unconjugated bilirubin. A 
distinction is made between type I and type II CNS 
based on total or partial enzyme dysfunction, re-
spectively. In this report we present a patient with 
CNS type II who underwent an uncomplicated knee 
arthroscopy for symptomatic degenerative menis-
cus pathology after failed conservative treatment. 
Previous cases have shown that surgery-induced 
stress in CNS patients may provoke hyperbiliru-
binemia leading to kernicterus in the post-opera-
tive course. We provide insight in peri-operative 
risk factors and clinical considerations that should 
be taken into account when managing CNS patients 
that undergo orthopaedic surgery. 

Patient

A 64-year old male with a medical history of CNS 
type II presented in the outpatient clinic with 
acute, atraumatic complaints of his right knee. 
The patient did not use any medication, but a 
clear jaundice was present. The patients’ knee 
complaints were pain and a mechanical sensation. 
The pain was mainly situated in the posterome-
dial side of the knee and after clinical examina-
tion a degenerative meniscus tear was suspected. 
Plain X-rays of his knee displayed no abnormali-
ties, but a subsequent MRI-scan showed a tear of 
the posterior horn of the medial meniscus (Figures 
1 & 2). Since conservative treatment, which con-
sisted of 3 months of strengthening exercises with 
a physiotherapist and the use of non-steroid anti-
inflammatory drugs had failed, the option of an 
arthroscopic partial meniscectomy was discussed 
with the patient.
The syndrome of Crigler-Najjar is an autosomal 

recessive disorder characterized by high concen-
trations of unconjugated bilirubin.1 The disorder 
is caused by mutations in the uridine-diphospho-
glucuronosyltransferase- (UGT1A1) gene, which 
encodes for the UGT1A1-enzyme.2 This enzyme is 
essential for catalyzation of bilirubin conjugation 
and inducing bilirubin secretion in hepatocytes. In 
The Netherlands at present, approximately 20 pa-
tients are diagnosed with CNS.3

A distinction is made between CNS type I and II. 
In patients with type I CNS, plasma concentra-
tions of bilirubin may exceed 350 μmol/l, due to 
a complete lack of the UGT-enzyme. These pa-
tients are high at risk for developing kernicter-
us and permanent neurological damage. Type II 
CNS is characterized by a partial lack of enzyme 
activity with bilirubin concentrations up to 350 
μmol/l, resulting in a less severe condition. Phe-
nobarbital induces UGT1A1-expression and thus 
increases bilirubin conjugation in type II CNS.4,5 
Phototherapy is effective in CNS type I but be-
comes less efficient over time and most patients 
do need a liver transplant at some point.6,7 Based 
on the literature, we were aware that surgery-in-
duced physiological stress might provoke a harm-
ful rise in bilirubin levels peri-operatively.5,8,9,10 
Prior to surgery, an analysis of the patient’s aver-
age bilirubin levels and previous physical respons-
es to operative procedures was therefore made. 
His bilirubin levels varied from the lowest of 257 

Figure 1. Standing anteroposterior (A) and lateral (B) 
radiographs of the patient’s knee with no abnormalities.

A B
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μmol/l to a maximum of 411 μmol/l, of which 
the latter was developed after a laparoscopic 
appendectomy several years before. The patient 
underwent this procedure without any complica-
tions. His post-operative hyperbilirubinemia de-
creased without intervention to the average of 
330 μmol/l. Based on this previous experience, 
we decided that it would be safe to perform a 
knee arthroscopy under close monitoring of his 
bilirubin levels and we proceeded as such after 
patient consent. Despite the rarity of this syn-
drome, surgeons must be aware that surgical in-
terventions may provoke a dramatic increase of 
unconjugated hyperbilirubinemia resulting in ker-
nicterus. Based on the treatment of a recent pa-
tient with degenerative meniscal pathology and 
CNS, we provide an overview of clinical concerns 
that should be taken into account when treating 
CNS patients surgically. 

Intervention

The arthroscopy was performed in a supine posi-
tion with the use of a tourniquet. After obtaining 
standard lateral and medial portals an inspection 
of the knee was performed. Besides the expected 
degenerative meniscal lesion, there was a display 
of orange opaque sediment on the tibial articular 
surface and menisci (Figure 3). Following partial 
medial meniscectomy, we obtained biopsy speci-
mens for further analysis of the sediment. Histo-
logical examination demonstrated an amorphous 
pigment corresponding to bilirubin sediment. 

Comparison 

The report of Walmsley et al. describes a similar 
case of a 48-year old male patient with CNS type 
II, who had a daily phenobarbital medication and 

a baseline bilirubin level around 300 μmol/l.9 This 
patient underwent a total knee arthroplasty with 
a complicated post-operative course due to ker-
nicterus (maximum bilirubin level of 556 μmol/l) 
and Klebsiella septicemia. 
The complications in this case could be explained 
by several peri-operative factors contributing to 
elevated bilirubin levels. First of all, increased 
bilirubin levels in combination with a decrease in 
serum albumin levels, due to fasting or decreased 
caloric intake, result in an increase of free uncon-
jugated bilirubin that upon diffusion into the brain 
can cause bilirubin encephalopathy.5,11 Serum al-
bumin binding is an important factor in plasmatic 
bilirubin transport. The acceptable molar ratio 
of bilirubin to albumin is <0.7 for CNS patients.7 
High levels of unconjugated bilirubin alter this ra-
tio to >1. As a result, the concentration of free 
unbound unconjugated bilirubin is increased, this 
neurotoxic metabolite diffuses across the blood-
brain barrier and can cause damage. Thus, a high 
bilirubin/albumin ratio enhances the risk for de-
veloping kernicterus.7 Therefore it seems advis-
able to keep the period of pre-operative fasting 
as short as possible in CNS patients. In addition, 
pre-operative i.v. administration of albumin could 
be considered to prevent an unfavorable bilirubin 
to albumin ratio.12 In this case i.v. albumin was not 
administered.
Secondly, attention must be paid to drugs and 
antibiotics that bind albumin and as such dis-
place bilirubin, also causing an increase in its free 
concentration.7,13 When choosing the type of anti-
biotics administered during orthopaedic (implant) 
operations this must be taken into account. 
Thirdly, postoperative hyperbilirubinemia may de-
velop as a consequence of haemolysis (after blood 
transfusion or a resorbing haematoma), infection 
and sepsis.14 As such these conditions should be 

Figure 2. Sagittal (A) and 
coronal (B) T2-weighted 
MRI of the patient’s knee 
showing a degenera-
tive tear of the poste-
rior horn of the medial 
meniscus (A) and hydrops 
surrounding (B).

A B
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avoided during and after surgery. On the contrary, 
administration of drugs that induce UGT-enzyme 
activity may be protective against hyperbiliru-
binemia. Of these inducers, rifampicin and phe-
nobarbital are drugs most commonly used.8 Safe 
use of narcotics, barbiturates, inhaled anesthetics 
and muscle relaxants during anesthesia have been 
reported.8,10

outcome

The post-operative course of our patient was un-
complicated with a maximum bilirubin level of 298 
μmol/l and no neurological symptoms of kernicter-
us developed. At the follow-up after 6 weeks, the 
patient returned to the outpatient clinic without 
any residual pain and a full range of motion of his 
operated knee. 

Conclusion

We presented a patient with CNS type II with a 
symptomatic degenerative meniscal tear which 
was treated arthroscopically without complica-
tions. Despite the accordance with previous un-
complicated reports of surgical treatment of pa-
tients with CNS, the risk of developing kernicterus 
remains substantial, of which the surgeon should 
be aware. To prevent post-operative complications 
like kernicterus, attention must be paid to peri-
operative factors which increase unconjugated 
bilirubin or decrease albumin levels, such as infec-
tion, fasting, drugs or haemolysis. 
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Figure 3. Arthroscopic 
view of the lateral 
(A) and medial (B) 
compartment of the 
patient’s knee, demon-
strating intra-articular 
bilirubin sediment.
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Introduction

The first clinical application of polymethyl meth-
acrylate (PMMA) bone cement was by plastic sur-
geons in 1940 to close gaps in the skull. In 1958 the 
famous English orthopaedic surgeon John Charnley 
introduced the use of PMMA in a total hip arthro-
plasty.1 Modern technology is still improving the 
current bone cement, colour, additives like antibi-
otics, handling characteristics, viscosity and dough 
time.1,2 Currently there is an overall consensus on 
using PMMA cement for orthopaedic arthroplasty. 
William Stewart Halsted, The Johns Hopkins Hos-
pital’s first surgeon in chief, developed and in-
troduced the first surgical rubber gloves in 1984, 
in de US.3 Since then much has changed. Gloves 
have been optimized for comfort, practical use, 
safety for the surgeon and the patient to a current 
widely accepted safe use of surgical gloves in the 
operation room. 
Currently a wide variety of surgical gloves and 
bone cement are used. Gloves are available in dif-
ferent types; like micro, latex-free, orthopaedic 
etc. There is an overall consensus on using PMMA 
cement for orthopaedic arthroplasty, but within 
the PMMA there are a lot of differences in charac-
teristics.
The current opinion on surgical gloves during ar-
throplasty consists of; 
- two layers of gloves, indifferent latex/latex or 

latex/orthopaedic or latex/glove liners
- changing gloves right before handling the pros-

thesis, preventing bacterial contamination
- changing gloves after one hour because of in-

creased permeability1

Why is this not enough? When methacrylate(MMA) is 
mixed it starts to polymerize. The molecular weight 
increases and concurrently the cement loses its abil-
ity to migrate through gloves. During this polymeri-
zation process gloves become permeable. This can 
cause possible bacterial contamination both ways 
and dermatitis of the hands of the surgeon.4

Comparison

In the current available protocols no data was found 
on changing gloves after handling cement. There-
fore we conducted a literature search on Pubmed 
publisher, last accessed on the 1st of October 2017. 
Subject of interest was PMMA, permeability and 
surgical gloves. Six articles were included. Further-
more two industrial protocols were included. All 
data concerned increased permeability of surgical 
gloves after handling PMMA cement leading to pos-
sible bacterial contamination and possible derma-
titis of the skin of the surgeon.5,6

Relevant literature / NoV guideline

In the NOV guideline there is no consensus on when 
to change gloves when using cement. Available 
guidelines are those from the cement industry and 
individual protocols per hospital. The guideline from 
the industry states: a second pair of gloves should 
be worn when handling methyl methacrylate and 
should be discarded after use. The manufacturer’s 
instructions should be followed regarding the com-
position of the second pair of gloves. Methyl meth-
acrylate may be absorbed through the skin and may 
also penetrate many plastic and latex compounds, 
leading to dermatitis. The liquid component of the 
cement should not come in contact with gloves.3 
Previous data has already shown that permeability 
of surgical gloves leads to possible dermatitis, in-
different to of the type of gloves.7 In the literature 
different types of gloves were tested, all types 
were permeable when exposed to PMMA within 2 
minutes, indifferent the type of gloves used. The 
monomer(MMA) permeated under static conditions 
(rubber surgical gloves, industrial neoprene, polyr-
ene butadiene, latex, vinyl). No surgical gloves have 
been proven non-permeable and totally safe.5,6

This was measured by Thomas et al. using a spectro-
photometer. Latex and vinyl clinical gloves became 
permeable to MMA < 2min and neoprene industrial 
gloves after 25 minutes, after being in short con-
tact with MMA.5,8 An other study showed that poly-
styrene-butadiene, latex and polychlorobutadiene 
gloves all dissolved after contact with MMA. Even 
a diluted MMA solution in ethanol showed rapid 
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dissolvement.6 Another study by Andreasson et al. 
showed the same rapid permeability of gloves after 
contact with MMA. They found a lag-breakthrough 
time (BT) for neat MMA ≤ 2 min for all types of 
gloves. A diluted solution of 30% MMA in ethanol or 
acetone, showed the longest BT’s for the latex and 
polythene-copolymer gloves, had the best protec-
tion, but still ≤ 2 min.5

Glove permeability for MMA may also be the expla-
nation for several cases of rubber glove dermati-
tis with negative patch tests. On the positive side, 
laboratory tests in one study suggest that monomer 
does not damage rubber sufficiently to allow bac-
teria to penetrate gloves, but it remains possible 
that this would happen under theatre conditions.7

outcome

In our hospital we are suggesting changing the cur-
rent protocol and add that the outer layer of sur-
gical gloves have to be changed before, and both 
layers after, handling the cemented prosthesis to 
protect the skin of the surgeon and prevent pos-
sible contamination of the patient. 
The type of gloves is free of choice for the surgeon, 
because permeability is indifferent to the type of 
gloves, options are latex, latex-free or orthopaedic 
gloves.7

Recommendation 

The current NOV guideline has no recommenda-
tion on the changing of gloves when handling ce-
ment. We would suggest an alteration in the cur-
rent guideline and add advice on how to handle 
cement with surgical gloves. The advice consists 
of minimizing the direct contact between gloves 
and cement during the polymerization process by 
changing gloves; after one hour (outer layer), be-
fore handling cement (outer layer), after handling 
cement (both layers). This is because of rapid per-
meability of all types of surgical gloves after con-

tact with PMMA and to prevent possible reactive 
dermatitis because of the exposure of monomers 
to the skin and possible bacterial contamination. 
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objective 

To determine whether referral to MRI by the general 
practitioner (GP) is non-inferior to usual care (no ac-
cess to MRI by GPs) in patients with traumatic knee 
complaints regarding knee-related daily function.

Methods 

This was a multicentre, non-inferiority randomised 
controlled trial with 1-year follow-up. GPs invited 
eligible patients during or after their consultation. 
Eligible patients (18–45 years) consulted a GP with 
knee complaints due to a trauma during the previ-
ous 6 months. Patients allocated to the MRI group 
received an MRI at (median) 7 (IQR 1–33) days after 
the baseline questionnaire. Patients in the usual 
care group received information on the course of 
knee complaints, and a referral to a physiothera-
pist or orthopaedic surgeon when indicated. The 
primary outcome measure was knee-related daily 
function measured with the Lysholm scale (0 to 
100; 100=excellent function) over 1 year, with a 
non-inferiority margin of 6 points.

Results 

A total of 356 patients were included and randomised 
to MRI (n=179) or usual care (n=177) from November 
2012 to December 2015. MRI was non-inferior to usu-
al care concerning knee-related daily function during 
1-year follow-up, for the intention-totreat (overall 
adjusted estimate: 0.33; 95% CI −1.73 to 2.39) and 
per-protocol (overall adjusted estimate: 0.06; 95% CI 
−2.08 to 2.19) analysis. There were no differences 
between both groups in the amount of patients visit-
ing other healthcare providers.

Conclusion 

MRI in general practice in patients with traumatic 
knee complaints was non-inferior to usual care re-
garding knee-related daily function during 1-year 
follow-up.

Comment

This study provides strong guidance for general 
practitioners faced with patients with traumatic 
knee complaints and for orthopaedic surgeons 
faced with the question by general practitioners 
whether patients should be referred for early MR 
imaging: in terms of patient-reported functional 
outcomes early referral for MR imaging by general 
practitioners was neither superior nor inferior to 
usual care (i.e. the 95%-confidence interval limits 
of the estimated mean difference did not contain 
the prespecified clinically relevant six point dif-
ference). Usual care followed the Dutch general 
practice clinical guidelines. Also, early MR im-
aging did result in overall increased healthcare 
provider involvement although this was not spe-
cifically the case for revisits to the general prac-
titioner or orthopaedic referrals. In a separately 
published economic evaluation of this study, early 
referral by general practitioners for MR Imaging 
was found not be cost-effective: healthcare cost 
were increased, mainly due to MR imaging, more 
physiotherapy sessions and more arthroscopies, 
but this did not improve health outcomes. Con-
versely, early referral for MR imaging did result 
in increased satisfaction patient perceived in-
creased recovery.

The study is well-designed, methodologically solid 
and representative of Dutch clinical practice. Most 
important limitations of the study are the lack of 
blinding and a sample size reduction due to prob-
lems with patients inclusion, which led to a wider 
non-inferiority margin of 6 points instead of 4.8 
points in Lysholm scale.  

The results of this study challenge the general 
practitioner to consider patients’ satisfaction with-
out referral for MR imaging. As the orthopaedic 
community, it is our task to provide general practi-
tioners with knowledge on treatment and prognosis 
of specific (traumatic) knee complaints and to be 
available for back-up when needed.

Nederlands onderzoek in buitenlandse tijdschriften

Does MRI add value in general practice for patients with 
traumatic knee complaints? A 1-year randomised controlled trial
Swart NM, van Oudenaarde K, Bierma-Zeinstra SM, Bloem HJ, van den Hout WB, Algra PR, 
Bindels PJ, Koes BW, Nelissen RG, Verhaar JA, Reijnierse M, Luijsterburg PA.
Br J Sports Med. 2018 Jul 24
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Eponymous terms in orthopedic surgery

Morbus Bechterev

The original
In his publication from 1893 Bechterev describes a 
series of cases. Three cases are dealt with elabo-
rately. The first case is a 56-year-old female in whom 
he describes the anterior displacement with a slight 
lowering of the head as a typical feature. This is 
because of a convex humpback of the spinal column 
at the lower cervical and upper thoracic level. Also 
he describes a temporary blindness of one eye. Any 
signs of hysteria were absent at that time (sic). 
The second and third case are of a female of 52 
years old and a male of 39 years old, in whom the 
symptoms are rather similar. There is an elaborate 
reporting on clinical findings of each case. After add-
ing two short cases he draws his conclusions. There 
are certain aspects that are present in each case:
1. Obvious or subtle loss of motion in a part of the 

spinal column. This is remarkably without pain 
on percussion or movement of the affected part 
of the spine.

2. Bending of the spine to posterior, mostly in the 
upper part with forward displacement of the 
head accompanied with a lowered appearance 
of the head.

3. Paresis of muscles of the body, neck and extrem-
ities with slight atrophy of the back and shoulder 
blade muscles.

4. Decline of sensitivity, mainly in the field of dis-
tribution of skin branches of the back nerves and 
lower cervical nerves and sometimes also lum-
bar nerves.

5. Various signs of irritation of the same nerves in 
the form of paraesthesia, even of local hyper-
aesthesia and pain in the back and in the neck, 
but also in the extremities and in the spine, es-
pecially after sitting for a longer time.

As far as the aetiology is concerned, a possibility of 
hereditary involvement and rise because of a trau-
matic injury to the spine are posed. Because of the 
combination of muscular atrophy and spinal stiff-
ness, a theory of ankylosis of the spine is posed. 
A certain progression was noted in all cases. In a 
later stage paresis and paralysis become apparent, 
accompanied by contractures. There is no therapy 
suggested, only a positive effect on the pain by us-
ing the ‘Paquelin Thermocautery’ (Claude André 
Paquelin, 1836-1905) on the painful places. A sus-

pension method (not further specified) is proposed 
as a possible treatment not yet tried by Bechterev.1

The man
Vladimir Michajlovitsj Bechterev (Владимир 
Михайлович Бехтерев) was born in Sorali, Rus-
sia (20th of January 1857 – 24th of December 1927). 
His father died of tuberculosis when he was still 9 
years old. Nevertheless he had the opportunity to 
attend the Vyataka gymnasium in 1867. Afterwards 
he went to the Military Medical Academy in St. Pe-
tersburg in 1873. When he studied in St. Petersburg 
Medicosurgical Academy, Bechterev’s interest in 
the discipline neuropathology and psychiatry was 
possibly first sparked. In 1878 Bechterev graduated 
and stayed employed at the academy to prepare for 
professorship with a focus on brain structure. After 
obtaining his doctor of medicine degree in 1881, he 
became associate professor. He won a travel schol-
arship funded by the government and travelled to 
Europe in 1884 and 1885. He visited Leipzig and 
Paris and studied with Jean-Martin Charcot among 

Figure 1. Vladimir Bechterev, photograph by Karl Bulla 
(1855-1929).
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4-9 August, 2013. Natal, Brazil. 6. Jaramaz B, Nikou C, Casper M, Grosse S, Mitra R. Accuracy validation of semi-active robotic application for patellofemoral arthroplasty. Paper presented at: International Society for 
Computer Assisted Orthopaedic Surgery; June 17-20, 2015; Vancover, Canada. 7. Mitra et al. Accuracy Assessment of a Novel Image-Free Handheld Robot for Knee Arthroplasty in Bi-Cruciate Retaining Knee and Total 
Knee Replacement – A Cadaveric Study. World Arthroplasty Congress 19-21 April, 2018. Rome, Italy. 8. Jaramaz B, Mitra R, Nikou C, Kung C. Technique and Accuracy Assessment of a Novel Image-Free Handheld Robot 
for knee Arthroplasty in Bi-Cruiciate Retaining Total Knee Replacement. EPiC Series in Health Sciences. 2018;2:98-101. 9. Jaramaz B, Mitra R, Rovinsky D, Neginhal V. A Novel Image-Free Handheld Robot For Bi-Cruciate 
Retaining Knee Arthroplasty. Poster presented at: 19th EFFORT Annual Congress; May 30- June 1, 2018; Barcelona, Spain. 10. Sharkey, P., et al. “Why Are Total Knee Arthroplasties Failing Today?” Clinical Orthopaedics 
and Related Research. 2002 Nov;404:7-13. 11. Siddique, N., Ahmad, Z. “Revision of Unicondylar to Total Knee Arthroplasty: A Systematic Review” The Open Orthopaedics Journal 2012;6; (Suppl 2: M2) 268-275.

Waar chirurgen en robotica 
hand-in-hand werken
NAVIO, de enige handheld-robotica voor knie-artroplastiek, die 
de nauwkeurigheid1-9 * welke patiënten verdienen biedt in een 
uitbreidbaar roboticaplatform.  
Het systeem is ontworpen om chirurgen optimaal te helpen met  
componentpositie, ligamentbalans en nauwkeurige robot-geassisteerde 
botvoorbereiding - dè factoren die de overlevingsduur van 
implantaten en het vertrouwen van de chirurg kunnen vergroten.10, 11

Ervaar de vrijheid van robotica in uw handen. 
www.smith-nephew.nl
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others. After returning in 
1885 he became Chair of 
Psychiatry in Kazan at the 
Kazan University in Russia. 
In 1893 he returned to the 
Military Medical Academy 
in St. Petersburg. He organ-
ised the first neurosurgical 
operating room in Russia, 
although he never operated 

himself. Also he founded the Psycho-neurological 
Institute, which had flexible entry requirements 
for that time. He accepted non-Christians, people 
without classical grammar school and women. 
Bechterev was one of the most productive Russian 
scientists of his time. He published around 1700 sci-
entific papers, founded 12 journals and 50 institu-
tions. He published 14 to 24 papers per year between 
1894 and 1905. He also described 19 new forms of 
diseases and 15 new reflexes.  A book he published 
on structure of the brain made the German profes-
sor of anatomy, Friedrich Kopsch (1868–1955), say, 
“There are only two persons who know the anatomy 
of the brain perfectly - God and Bechterev.” 
Bechterev’s death is surrounded by mystery. On 
December 23, 1927 Bechterev went to the Kremlin 
to examine Joseph Stalin. About 3 hours later he 
came back to the Congress for a meeting and said 
to some colleagues there: ‘I have just examined a 
paranoiac with a short, dry hand’. He is thought to 
have advised retirement to Stalin. The day after, 
Bechterev suddenly died. After Bechterev’s death 
Stalin had his name and all of his works removed 
from Soviet textbooks, leading to speculation that 
Stalin might not have been happy with the diagno-
sis and got rid of Bechterev.2,3

The clinical implication
Ankylosing spondylitis (AS) has a history dating back 
to the second century when Galen (129-199) dis-
tinguished it from rheumatoid arthritis. The first 
account of pathologic changes to the skeleton pos-
sibly associated with AS were published in 1691 by 
Bernard Connor (1666-1698) from observations of 
an unearthed skeleton in France. In 1818, Benjamin 
Brodie (1783-1883) became the first physician to 
document a person believed to have active AS who 
also had accompanying iritis.4 In the late nineteenth 

century, next to Bechterev, Adolf Strümpell (1853-
1925) in 1897, and Pierre Marie (1853-1940) in 1898 
were the first to give adequate descriptions which 
permitted an accurate diagnosis of AS prior to severe 
spinal deformity. For this reason, AS is also known 
as Bechterev disease or Marie–Strümpell disease. 
Ankylosing spondylitis is a progressive and debili-
tating form of arthritis involving the axial skeleton. 
There is often a long delay in diagnosis. Low response 
to currently available therapeutics means that the 
disease pathogenesis needs further studying. There 
seem to be specific immune pathways associated 
with AS. Therefore there remains a debate whether 
the condition is autoimmune or autoinflammatory.5

For the orthopaedic practice, knowledge of AS is 
particularly important in case of spinal trauma. AS 
results in ossified ligaments and concomitant loss of 
elasticity of the spine. This predisposes for spinal 
fractures following minor trauma. Three-quarters of 
these fractures occur in the cervical spine, with as-
sociated mortality rate of 35%.6 A high rate of suspi-
cion is needed and since these fractures are per def-
inition unstable, intervention is often warranted.

Matthijs P. Somford
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Figure 2. Spine with anky-
losing spondylitis (morbus 
Bechterev) from the region 
of Heilbronn, early 6th 
century, on display at the 
Landesmuseum Württemberg, 
Stuttgart, Germany.

Figure 3. 
CT-scan of a 
fracture through 
a fully ankylosed 
cervical spine, 
fracture located 
at the C6 verte-
bra. Image cour-
tesy of dr Frank 
Gaillard.
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Proefschriften

Anterior cruciate ligament injury and surgery - a more objective take. 
Bart Muller, AMC Amsterdam, University of Pittsburgh Medical Center, 
Pittsburgh, 23 March 2018

This thesis deals with current issues in diagnostics, 
surgery and outcome measurement of anterior cru-
ciate ligament injury. Throughout all segments of 
the treatment spectrum, subjective findings, opin-
ion and assumption have long dictated examina-
tion procedures and management protocols. This 
work is meant to provide a more objective take on 
anterior cruciate ligament injury and surgery. 
In Chapter 2, development of software for a compu-
ter tablet (iPad) that provides an objective, quanti-
tative evaluation of the pivot shift test is described. 
To validate the PIVOT® software and test reliability 
and accuracy, both cadaver testing and computa-
tional simulation were conducted. The PIVOT® appli-
cation will enable surgeons to more objectively eval-
uate their physical exam by quantifying the amount 
of rotatory knee laxity for each individual knee. 
In Chapter 3, an overview of different surgical 
techniques and explanation of often confusing ter-
minology is presented. 
In Chapter 4, it is objectified whether individual-
ized anatomic ACL reconstruction approaches the 
native anatomy, and thus whether it is truly ana-
tomic. To date, there is no objective measurement 

or real objective definition of what “anatomic” re-
ally is. In order to get a more objective take on 
what anatomic is, we studied how close we could 
reproduce the size of the native ACL insertion sites 
(percentage of reconstructed area or PRA) when 
performing anatomic ACL reconstruction. The most 
important finding in this study was that anatomic 
ACL surgery only restored on average 70–79% of the 
native insertion site size.
In Chapter 5, the extent to which anatomic ACL recon-
struction restores the native knee anatomy is further 
assessed. For this study, restoration of the tibiofemo-
ral relationship was evaluated. The most important 
finding of this study was that anatomic ACL recon-
struction reduces anterior tibial subluxation with a 
mean difference of 1.0 ± 2.1mm anteriorly from the 
healthy contralateral limb, which was regarded a 
close approximation of the anatomic situation.
In Chapter 6, an existing tool for the post-operative 
assessment of anatomic femoral tunnel placement 
is evaluated for the use of flexible reamers.
In Chapter 7, current concepts on graft healing and 
the biological augmentation of healing have been 
reviewed.
In Chapter 8, predictors of returning to pre-injury 
sports after surgery are identified. We found that 
five variables at the time of ACL reconstruction best 
predicted RTPS including age, being a competitive 
athlete, time from injury to surgery, tibiofemoral 
cartilage status, and having had any form of carti-
lage surgery done. Therefore, younger patients that 
partake in sports on a competitive level, that have 
ready access to healthcare, and less damage or sur-
gery to their knee return to sports more often.
In Chapter 9, finally, a quantitative assessment of 
post-surgery patient wellbeing is presented. A clin-
ically meaningful change in PROM may not be asso-
ciated with an acceptable state that corresponds 
to “feeling well”, which is also called the Patient 
Acceptable Symptom State (PASS). For this study, 
threshold values for two of the most commonly 
used knee-specific PRO measures (IKDC-SKF and 
KOOS) for the patient acceptable symptom state 
were identified.

https://www.orthopeden.org/downloads/444/
bart-muller-proefschrift-met-cover.pdf

This thesis deals with current issues in diagnostics, surgery and out-
come measurement of anterior cruciate ligament injury. Throughout 
all segments of the treatment spectrum, subjective findings, opin-
ion and assumption have long dictated examination procedures 
and management protocols. This work is meant to provide a more 
objective take on anterior cruciate ligament injury and surgery. 
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Amsterdam Movement Sciences
Amsterdam Movement Sciences

Amsterdam Movement Sciences conducts scientific research to 
optimize physical performance in health and disease based on 
a fundamental understanding of human movement in order to 
contribute to the fulfillment of a meaningful life.
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Voor uw agenda
26 april  Algemeen Examen Orthopedie
7 mei  Deadline indienen subsidieaanvraag Van Rens Fonds ronde 2020
16 mei  Strategiedag NOV-kerncommissies
16 mei  Algemene ledenvergadering
24 mei  Symposium werkgroep PA en VS 
1-3 juni  ISAR congres 2019
22 juni  Sporthopedie

Meer informatie op de website van de NOV (orthopeden.org/kalender).

Van de Vereniging

Tijdens het NOV-Jaarcongres presenteerde de 
werkgroep Herziening agenda zorgevaluatie de 
vernieuwde Onderzoeksagenda Orthopedie. NOV-
voorzitter Hans-André Schuppers nam deze officieel 
in ontvangst. Naast nieuwe openstaande zorgevalu-
atie-vragen bevat deze voor het eerst ook een open-
staande innovatievraag.

Online 
De onderzoeksagenda staat dit keer volledig online: 
www.orthopeden.org/onderzoeksagenda. Daarmee 
kunnen we alle vorderingen direct publiceren en 
verbindingen maken tussen de lopende projecten; 
zowel binnen als buiten de orthopedie. De NOV is de 
eerste wetenschappelijke vereniging die de onder-
zoeksagenda online publiceert.
  
Gezamenlijk uitwerken
De NOV heeft de afgelopen 3 jaar naam gemaakt 
op het gebied van netwerkvorming. Dit willen we 
graag verder doorontwikkelen. De openstaande 
vragen zijn ingebracht en geprioriteerd door u als 
NOV-lid en door de stakeholders. Dit maakt dat de 
openstaande vragen van en voor ons allemaal zijn. 
Om de onderzoeksagenda ook daadwerkelijk sámen 
uit te werken, kiezen we ervoor om dit te doen bin-
nen het Consortium Orthopaedic Research (CORE). 
Het is belangrijk om met uw collega’s te inventari- 
seren welke vragen u mede uit wilt werken en wel- 
ke rol u daarbij het liefst heeft. Zo kunnen we  
- samen met de stakeholders - steeds efficiënter 
een nieuw project oppakken, en de bestaande on-
derzoeksinfrastructuur nog meer verstevigen.

Hoe?
De Commissie Wetenschap & Innovatie faciliteert de 
uitvoering, ondersteund door de research coördina-
tor van de NOV. De NOV organiseert de komende tijd 
een startbijeenkomst per openstaande vraag. Deze 
bijeenkomsten zijn bedoeld om alle geïnteresseerden 
- zowel NOV-leden als overige stakeholders, waaron-
der patiëntverenigingen en aanpalende specialismen 
- bijeen te brengen en een eerste uitwerking op te 
stellen. Door voorafgaand aan de subsidiecalls bijeen 
te komen, hebben we op het moment van indienen al 
een gestructureerd projectplan. Door de projecten uit 
te voeren binnen CORE, werken we aan toegevoegde 
kwaliteit, snellere inclusie van patiënten dankzij het 
brede draagvlak, en grotere kans van honorering van 
subsidie. Samenwerking, kritische onderlinge review 
en ervaringen uit het verleden delen, dragen daar-
aan bij. Bij de verdeling van projecten en de diverse 
rollen daarbinnen, streven we naar een evenredige 
verdeling over het land. De CWI beoordeelt - namens 
de NOV - de projectaanvragen op relevantie (beant-
woordt het voorstel daadwerkelijk de openstaande 
vraag?), haalbaarheid en mogelijkheden voor im-
plementatie. Ook overlegt de CWI met de project-
groepen over de begroting. De communicatie over de 
bijeenkomsten verloopt via uw CORE-contactpersoon. 
Heeft uw vakgroep hiervoor nog niemand opgegeven 
dan kunt u dit alsnog doen via CORE@orthopeden.org. 
De NOV roept u op om gezamenlijk de geprioriteerde 
openstaande vragen uit te werken!

Commissie Wetenschap & Innovatie en Marloes 
Schmitz, research coördinator NOV

Onderzoeksagenda orthopedie 2019-2022
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