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Abstract
Purpose To investigate the influence of surgeon-related factors and clinic routines on autograft choice in primary anterior 
cruciate ligament reconstruction (ACLR).
Methods Data from the Swedish National Knee Ligament Registry (SNKLR), 2008–2019, were used to study autograft 
choice (hamstring; HT, patellar; PT, or quadriceps tendon; QT) in primary ACLR. Patient/injury characteristics (sex, age 
at surgery, activity at time of injury and associated injuries) and surgeon-/clinic-related factors (operating volume, caseload 
and graft type use) were analyzed. Surgeon/clinic volume was divided into tertiles (low-, mid- and high-volume categories). 
Multivariable logistic regression was performed to assess variables influencing autograft choice in 2015–2019, presented 
as the odds ratio (OR) with a 95% confidence interval (CI).
Results 39,964 primary ACLRs performed by 299 knee surgeons in 91 clinics were included. Most patients received HT 
(93.7%), followed by PT (4.2%) and QT (2.1%) grafts. Patients were mostly operated on by high-volume (> 28 ACLRs/year) 
surgeons (68.1%), surgeons with a caseload of ≥ 50 ACLRs (85.1%) and surgeons with the ability to use ≥ two autograft types 
(85.9%) (all p < 0.001). Most patients underwent ACLR at high-volume (> 55 ACLRs/year) clinics (72.2%) and at clinics 
capable of using ≥ two autograft types (93.1%) (both p < 0.001). Significantly increased odds of receiving PT/QT autografts 
were found for ACLR by surgeons with a caseload of ≥ 50 ACLRs (OR 1.41, 95% CI 1.11–1.79), but also for injury during 
handball (OR 1.31, 95% CI 1.02–1.67), various other pivoting sports (basketball, hockey, rugby and American football) 
(OR 1.59, 95% CI 1.24–2.03) and a concomitant medial collateral ligament (MCL) injury (OR 4.93, 95% CI 4.18–5.80). 
In contrast, female sex (OR 0.87, 95% CI 0.77–0.97), injury during floorball (OR 0.71, 95% CI 0.55–0.91) and ACLR by 
mid-volume relative to high-volume surgeons (OR 0.62, 95% CI 0.53–0.73) had significantly reduced odds of receiving PT/
QT autografts.
Conclusion An HT autograft was used in the vast majority of cases, but PT/QT autografts were used more frequently by 
experienced surgeons. Prior research has demonstrated significant differences in autograft characteristics. For this reason, 
patients might benefit if surgery is performed by more experienced surgeons.
Level of evidence Level III.
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Abbreviations
ACL  Anterior cruciate ligament
ACLR  Anterior cruciate ligament reconstruction
CI  Confidence interval
HT  Hamstring tendon
LCL  Lateral collateral ligament
MCL  Medial collateral ligament
OR  Odds ratio
PCL  Posterior cruciate ligament
PLC  Posterolateral complex
PT  Patella tendon
QT  Quadriceps tendon
SNKLR  Swedish National Knee Ligament Registry

Introduction

Anterior cruciate ligament (ACL) rupture is a serious knee 
injury, often affecting young and active individuals [30, 
48]. Approximately 42.5 ACL surgeries including revi-
sions are performed per 100,000 people in Sweden [48]. 
This is similar to previous estimates from the United States 
[26]. Primary ACL reconstruction (ACLR) is mostly per-
formed with hamstring tendon (HT) or patellar tendon 
(PT) autografts [32, 48, 52], but the quadriceps tendon 
(QT) autograft has increased in popularity in recent years 
[41, 48].

Autograft selection in primary ACLR still remains con-
troversial. Previous studies indicate lower surgical morbidity 
for the HT graft [17, 19, 54], but improved stability [6, 19] 
and a reduced risk of re-rupture/revision for the PT graft 
[7, 8, 20, 27, 28, 37]. The QT graft is less well studied, but 
findings suggest that the QT graft produces less donor-site 
morbidity and the same stability and risk of re-rupture as 
the PT graft [29].

Several studies highlight the importance of an individual-
ized approach regarding treatment and graft selection based 
on patient characteristics and desired activity level [9, 16, 
20, 28, 37, 53]. However, the main factor influencing the 
graft choice decision is often the surgeon’s preference [28, 
36]. The surgeon’s preference in terms of graft selection 
depends on many factors, some of them with little or no 
evidence, such as surgeon’s experience and clinic routines 
[2, 4].

The aim of this nationwide registry-based study was 
to investigate the influence of surgeon-related factors and 
clinic routines on autograft choice. It was hypothesized that 
patients would receive more PT and QT autografts if oper-
ated on by more experienced surgeons and at high-volume 
clinics.

Materials and methods

The Swedish National Knee Ligament Registry (SNKLR) 
was established in January 2005 and covers more than 90% 
of all the ACLRs performed annually in Sweden. By the end 
of 2019, the registry included more than 49,000 primary 
ACLRs and around 3700 revision procedures [48]. Sur-
geons report patient and injury characteristics, concomitant 
knee injuries, intraoperative findings, surgical procedures, 
graft choice, implant selection, any immediate perioperative 
complications and duration of the surgery using a standard-
ized web-based protocol. All patients are asked to fill in 
patient-reported outcomes in the register pre- and postop-
eratively. Patient demographics (age and sex) are collected 
through Swedish social security numbers. Any subsequent 
ACL revision surgery and contralateral ACLR is reported 
separately and is linked to the index surgery. Participation 
in the SNKLR is voluntary for both patients and surgeons. 
Ethical approval was obtained from the Regional Ethical 
Review Board in Stockholm (2011/337-31/3). To conduct a 
study based on data from the SNKLR, subsequent approval 
from the steering committee of the SNKLR is also required 
(granted 2020-05-20).

Study design and patient selection

A retrospective registry-based cohort study was conducted to 
determine autograft choice in primary ACLR and to exam-
ine patient-, injury-, surgeon- and clinic-related factors that 
might influence graft selection. Patients registered for an 
ACLR in the SNKLR between January 1, 2006, and Decem-
ber 31, 2019, were assessed for eligibility. The total number 
of ACLRs prior to the start of the SNKLR is unknown and, 
for this reason, patients undergoing surgery in 2006–2007 
were excluded, since it was impossible to analyze the actual 
surgeon experience during the first registered years. The data 
registered in the SNKLR from 2006 and 2007 have only 
been taken into account regarding the number of consecutive 
procedures, since this was needed for the registry caseload 
calculations. Additionally, ACL revision surgery and pri-
mary ACLRs with associated injuries to the lateral collateral 
ligament (LCL), posterior cruciate ligament (PCL) and pos-
terolateral complex (PLC) were excluded from all analyses, 
as well as concomitant fractures requiring specific fracture 
treatment (except for intra-articular impressions and Segond 
fractures) and injuries to tendons, nerves and major blood 
vessels. Finally, patients were excluded if they received a 
graft other than HT, PT or QT autografts and if the surgeon 
code was missing.
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Outcomes

The primary outcome measurements of interest were sur-
geon- and clinic-related factors, as specified in detail below, 
and their association with the selection of HT, PT or QT 
autografts. The secondary outcomes were various patient- 
and injury-related variables.

Patient and injury characteristics

The following patient- and injury-related factors were stud-
ied: sex, age at surgery, activity at the time of injury (pivot-
ing or non-pivoting), concomitant medial collateral ligament 
(MCL) injury at surgery, associated meniscal or cartilage 
injury at surgery and year of surgery. Pivoting activities were 
defined as football, floorball, handball and other sports (bas-
ketball, hockey, rugby and American football — grouped 
together due to low participation rates). Non-pivoting activi-
ties were other sports, exercise, work, traffic accident or any 
other specified reasons.

Surgeon‑related factors

Surgeon-related factors included surgeon volume (annual 
number of ACLRs/revisions per surgeon during the calendar 
year when the primary ACLR was performed), average sur-
geon volume (median number of ACLRs/revisions per sur-
geon during the three most active years), surgeon caseload 
(primary ACLRs performed by a surgeon with a registry 
caseload of ≥ 50 ACLRs/revisions) and the surgeon’s ability 
to use different graft types (HT, PT and QT). All registered 
ACLRs and revisions in the SNKLR between 2008 and 2019 
were assessed to illustrate the surgeon’s operating volume.

Clinic‑related factors

Clinic-related factors included clinic volume (annual number 
of ACLRs/revisions per clinic during the calendar year when 
the primary ACLR was performed), average clinic volume 
(median number of ACLRs/revisions per clinic during the 
three most active years) and the clinic’s ability to use differ-
ent graft types (HT, PT and QT). The three most active years 
were chosen for the factor of average clinic volume since 
some clinics were started or closed during the study period.

Statistical analysis

The statistical analyses were performed using the SPSS 
software program (IBM Corp. Released 2017. IBM SPSS 
Statistics for Macintosh, Version 25.0. Armonk, NY: IBM 
Corp.). Descriptive statistics were used for patient, surgeon 
and clinic demographics. Since data were not normally dis-
tributed, the median (25th–75th percentile) was reported 

for continuous variables and the Kruskal–Wallis test was 
used for between-group comparisons. Categorical variables 
were reported as the count and percentages, while the χ2 test 
was used for between-groups comparisons. If a significant 
difference was found, the groups were compared pairwise 
using the Mann–Whitney U test for continuous variables and 
the χ2 test or Fisher’s exact test for categorical variables. A 
calculation of Bonferroni-adjusted p values (post hoc cor-
rection) was performed for pairwise comparisons.

Surgeon‑related factors

The surgeon volume, classified as the number of ACLRs/
revisions performed by each surgeon per active year, was 
first assessed as a discrete variable. Like another registry-
based study analyzing surgeon and clinic volume in ACLR 
in the US [13], surgeon volume was then divided into ter-
tiles; low-volume: < 9 ACL surgeries/year, mid-volume: 
9–28 surgeries/year and high-volume: > 28 surgeries/year. 
In the analysis of patient-related data, cases were catego-
rized according to annual surgeon volume during the cal-
endar year when the primary ACLR was performed. In the 
surgeon-related data, surgeons were assessed separately and 
classified as low-, mid- or high-volume based on average 
surgeon volume (median number of ACLRs and revisions 
during the three most active years in the registry). Surgeons 
with only two registered years were defined as low-, mid- or 
high-volume by the median of the two values, while sur-
geons active for only 1 year in the registry were classified 
according to the single annual value of ACLRs/revisions. 
A cut-off for registry caseload of ≥ 50 operations was used, 
since the number of consecutive procedures to perform an 
ACLR more accurately and with an improved technique has 
been suggested as a surgeon caseload of around 50 opera-
tions on average [1, 23, 24, 40]. The ability to use different 
graft types was based on whether the surgeon performed at 
least one primary ACLR with a certain graft.

Clinic‑related factors

The clinic volume, defined as the number of ACLRs and 
revisions per clinic and active year, was processed in the 
same way as surgeon volume data, leading to the follow-
ing tertiles: low-volume clinic: < 21 ACL surgeries/year, 
mid-volume: 21–55 operations/year and high-volume: > 55 
operations/year. In the analysis of patient-related data, cases 
were categorized according to annual clinic volume during 
the calendar year when the primary ACLR was performed. 
In the clinic-related data, the low-, mid- and high-volume 
classification was based on the median number of ACLRs/
revisions during the three most active years in the registry 
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per clinic. Regarding the ability of the clinics to use dif-
ferent graft types, the same method was applied as for the 
surgeons.

Factors influencing graft choice

A logistic regression model was used to assess the vari-
ables that influence autograft choice during the most recent 
5 years, 2015–2019. In the first step, a crude (univariable) 
analysis was performed for each of the aforementioned var-
iables separately. Patients operated on by surgeons using 
only one autograft type were excluded here since the surgi-
cal treatment, by definition, was standardized rather than 
individualized. A multivariable logistic regression was then 
used, beginning with patient-related variables. Injury fac-
tors, surgeon-related variables and clinic-related variables 
were then added in blocks and retained in the model if the p 

value was < 0.10. The probability of receiving a graft other 
than HT is presented as the odds ratio (OR) with a 95% 
confidence interval (CI). The significance level was set at a 
p value of < 0.05.

Results

A total of 39,964 cases (38,533 patients) undergoing pri-
mary ACLR with HT, PT or QT autografts between January 
1, 2008, and December 31, 2019, were included (Fig. 1). 
The distribution of graft use over time is presented in Fig. 2. 
The vast majority of patients received an HT graft (93.7%, 
n = 37,453), whereas PT (4.2%, n = 1686) and QT (2.1%, 
n = 825) were used to a lesser extent. The PT graft was 
used throughout the study period, with a slight decrease in 
2008–2012, when the use of HT grafts peaked, but the first 

Registered ACL reconstructions and revisions in 
SNKLR 2006 - 2019 

n = 50,680 a 

Primary ACL reconstructions  
2008 – 2019
n = 41,820 b 

Cases excluded: 
(Patients may appear in both groups) 

- Operation date 2006 – 2007 (n = 5,542) 
- Revision surgery (n = 3,615) 

Number of ACL reconstructions included in the final 
study population  

n = 39,964 d 

Exclusion due to multiple injuries: 
(Patients may have one or more of the following injuries) 

- Ligament injuries:  
- LCL (n = 616) 
- MCL in combination with LCL/PCL/PLC (n = 

306) 
- PCL (n = 606) 
- PLC (n = 252) 

- Fractures: 
- Femur (n = 23) 
- Tibia (n = 114) 
- Fibula (n = 22) 
- Patella (n = 3) 
- Unknown (n = 1) 

- Tendon injuries 
- Patella (n = 16) 
- Quadriceps (n = 2) 
- Biceps femoris (n = 17) 

- Vascular injuries (n = 19) 
- Nerve injuries 

- Peroneal (n = 57)  
- Tibial (n = 1)  

Exclusion due to: 

- Allograft for ACL (n = 126) 
- Direct suture/synthetic or other graft (n = 90) 
- Missing autograft choice (n = 427) 
- Missing surgeon code (n = 10) 

Cases with isolated ACL with or without 
concomitant MCL injury

n = 40,617 c

Fig. 1  Flowchart of patient selection. ACL anterior cruciate ligament, 
LCL lateral collateral ligament, MCL medial collateral ligament, PCL 
posterior cruciate ligament, PLC posterolateral complex, SNKLR 

Swedish National Knee Ligament Registry. (a) n Patients = 46,408. 
(b) n Patients = 40,288. (c) n Patients = 39,128. (d) n Patients = 38,533



479Knee Surgery, Sports Traumatology, Arthroscopy (2023) 31:475–486 

1 3

registered QT graft was in 2009. The use of PT and QT 
grafts shows an increasing trend, both reaching the highest 
levels in 2019 (PT: 7.4%, n = 283, and QT: 6.0%, n = 229).

Patient and injury characteristics

Patient and injury characteristics of registered primary 
ACLRs are presented in Table 1. Almost 44% were females 
and the median age at surgery was 25. Females and patients 
younger than 21 years received significantly fewer PT than 
HT grafts. Football was the leading cause of injury, but 
regardless of the activity at the time of injury, the HT graft 
was the primary graft choice in more than 90% of cases; 
however, patients injured during other pivoting sports 
received relatively more PT and QT. Only 4.0% had an 
associated MCL injury as classified at surgery and 18.6% 
(n = 298) of them required surgical treatment. Concomitant 
MCL injuries were rarely observed among ACLRs per-
formed with HT grafts.

Surgeon‑related factors

The primary ACLRs were performed by 299 surgeons with 
a registry caseload from 1 to 1106 ACLRs/revisions. Base-
line patient data regarding surgeon-related factors are pre-
sented in Table 1. More than two-thirds of patients were 
operated on by high-volume surgeons (> 28 cases/year) and 
the majority by surgeons with a total registry caseload of at 
least 50 ACLRs/revisions (85.1%) and surgeons able to per-
form primary ACLRs with at least two graft types (85.9%). 
Moreover, primary ACLR with a QT graft was almost solely 
performed by high-volume surgeons, surgeons with a case-
load of ≥ 50 ACL surgeries and in all cases by a surgeon that 

used at least two graft types. Even so, high-volume surgeons 
used HT grafts in 93.1% of all their primary ACLRs.

The median yearly surgical volume per surgeon during 
the three most active years was 16 (5.5–40) surgeries. Sur-
geon characteristics are presented in Table 2. Nearly all the 
surgeons were able to perform primary ACLRs with HT 
grafts and slightly more than half used PT grafts, whereas 
only one-sixth performed ACLRs with QT grafts. Almost 
half the surgeons performed ACLRs with only one graft 
type.

Clinic‑related factors

The ACL surgeries were performed at 91 different clinics. 
Demographic patient data regarding clinic-related factors 
are presented in Table 1. Most patients underwent primary 
ACLR at a high-volume clinic (72.2%) and underwent sur-
gery at a clinic capable of using at least two autograft types 
(93.1%). The majority of patients reconstructed at high-
volume clinics received an HT autograft (93.3%).

The median surgical volume per clinic during the three 
most active years was 34 (16–69) surgeries. Clinic char-
acteristics are shown in Table 3. Primary ACLR with an 
HT graft was performed at all but two clinics. Every fourth 
clinic performed primary ACL reconstructions with only 
one graft type.

Factors influencing graft choice

Factors influencing the probability of receiving a graft other 
than an HT are presented in Table 4. Significantly increased 
odds of receiving a PT or QT graft were found for ACLR 
by surgeons with a caseload of ≥ 50 in the univariable logis-
tic regression, as well as injury during handball and other 

Fig. 2  Distribution of graft 
usage over time for primary 
ACLR. ACLR anterior cruciate 
ligament reconstruction, HT 
hamstring tendon, PT patella 
tendon, QT quadriceps tendon

0

10

20

30

40

50

60

70

80

90

100

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Di
st

rib
u�

on
 (%

)

HT PT QT



480 Knee Surgery, Sports Traumatology, Arthroscopy (2023) 31:475–486

1 3

Table 1  Demographic data for primary ACLRs 2008–2019 (n = 39,964 cases)

Data are reported as n (%), unless otherwise indicated
ACLR anterior cruciate ligament reconstruction, HT hamstring tendon, MCL medial collateral ligament, n.s. not significant, PT patellar tendon, 
QT quadriceps tendon
a Missing values: age at surgery—40 patients missing; activity at time of injury—20 patients missing
b Other pivoting sport = basketball, hockey, rugby and American football
c Other = other sports, exercise, work, traffic accident and other reasons
d Each patient may present with one or more of the associated injuries
e Yearly surgeon volume when primary ACLR was performed
f Primary ACLR performed by a surgeon with at least 50 previous ACLRs or revisions
g Primary ACLR performed by a surgeon that has used 1–3 autograft types
h Yearly clinic volume when primary ACLR was performed
i Primary ACLR performed at a clinic that has used 1–3 autograft types

Total  
39,964

HT  
37,453

PT  
1686

QT  
825

p value Test between-groups p value, 
Bonferroni-adjusted

HT vs PT HT vs QT PT vs QT

Patient sex
 Female 17,529 (43.9) 16,538 (44.2) 645 (38.3) 346 (41.9)  < 0.001  < 0.001 n.s n.s

Age at  surgerya

 Median years (25th–75th 
percentile)

25.0 (19.0–34.0) 25.0 (19.0–34.0) 25.0 (20.0–34.0) 26.0 (20.0–35.0)  < 0.001 0.039 0.005 n.s

  < 21 years 13,014 (32.6) 12,273 (32.8) 501 (29.7) 240 (29.1) 0.010 0.042 n.s n.s
 21–30 years 14,177 (35.5) 13,224 (35.3) 645 (38.3) 308 (37.3)
  > 30 years 12,773 (32.0) 11,956 (31.9) 540 (32.0) 277 (33,6)

Activity at time of  injurya  < 0.001 0.010  < 0.001 0.003
 Football 16,832 (42.1) 15,832 (42.3) 706 (41.9) 294 (35.6)
 Floorball 3392 (8.5) 3227 (8.6) 116 (6.9) 49 (5.9)
 Handball 2168 (5.4) 2029 (5.4) 101 (6.0) 38 (4.6)
 Other pivoting  sportsb 1673 (4.2) 1521 (4.1) 95 (5.6) 57 (6.9)
 Alpine skiing 5804 (14.5) 5.376 (14.4) 256 (15.2) 172 (20.8)
  Otherc 10,075 (25.2) 9449 (25.2) 411 (24.4) 215 (26.1)

Associated  injuryd

 Meniscal injury 18,135 (45.4) 16,994 (45.4) 702 (41.6) 439 (53.2)  < 0.001 0.008  < 0.001  < 0.001
 Cartilage injury 10,339 (25.9) 9683 (25.9) 392 (23.3) 264 (32.0)  < 0.001 n.s  < 0.001  < 0.001
 MCL injury 1606 (4.0) 1186 (3.2) 297 (17.6) 123 (14.9)  < 0.001  < 0.001  < 0.001 n.s

Surgeon  volumee  < 0.001  < 0.001  < 0.001  < 0.001
 Low-volume < 9 cases/year 2315 (5.8) 2159 (5.8) 141(8.4) 15 (1.8)
 Mid-volume 9–28 cases/year 10,443 (26.1) 9958 (26.6) 411 (24.4) 74 (9.0)
 High-volume > 28 cases/year 27,206 (68.1) 25,336 (67.6) 1134 (67.3) 736 (89.2)

Surgeon caseload
  ≥ 50  ACLRsf 34,010 (85.1) 31,766 (84.8) 1437 (85.2) 807 (97.8)  < 0.001 n.s  < 0.001  < 0.001

Surgeon graft  useg  < 0.001  < 0.001  < 0.001  < 0.001
 1 graft 5627 (14.1) 5506 (14.7) 121 (7.2) 0 (0.0)
 2 grafts 22,627 (56.6) 21,147 (56.5) 1069 (63.9) 411 (49.8)
 3 grafts 11,710 (29.3) 10,800 (28.8) 496 (29.4) 414 (50.2)

Clinic  volumeh  < 0.001  < 0.001  < 0.001  < 0.001
 Low-volume < 21 cases/year 2668 (6.7) 2487 (6.6) 166 (9.8) 15 (1.8)
 Mid-volume 21–55 cases/year 8444 (21.1) 8032 (21.4) 257 (15.2) 155 (18.8)
 High-volume > 55 cases/year 28,852 (72.2) 26,934 (71.9) 1263 (74.9) 655 (79.4)

Clinic graft  usei  < 0.001  < 0.001  < 0.001  < 0.001
 1 graft 2787 (7.0) 2712 (7.2) 75 (4.4) 0
 2 grafts 18,087 (45.3) 17,187 (45.9) 752 (44.6) 148 (17.9)
 3 grafts 19,090 (47.8) 17,554 (46.9) 859 (50.9) 677 (82.1)
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pivoting sports, a concomitant MCL injury and later year of 
surgery. On the other hand, injury during floorball, ACLR 
by low- and mid-volume surgeons and surgery at low- and 
mid-volume clinics were found to have significantly reduced 
odds of receiving PT or QT grafts. Age and participation in 
football and alpine skiing did not influence graft selection.

There were 14,259 HT cases and 1617 PT/QT cases 
remaining in the multivariable analysis. Females had a 
reduced probability of receiving PT or QT grafts, whereas 
there were no differences between low- and high-volume 
surgeons and between low-, mid-, and high-volume clinics. 

Otherwise, the same main results were achieved in both 
the multivariable and the univariable analysis.

Discussion

The principal finding in this study, which is the first from 
the SNKLR to broadly assess surgeon experience and clinic 
volume, was that patients received relatively more PT and 
QT autografts if they were operated on by more experienced 
surgeons. Additionally, injury during participation in various 

Table 2  Surgeon characteristics for registered ACLRs 2008–2019 (n = 299 surgeons)

Data are reported as n (%). Each surgeon may appear in one or several groups (HT, PT, QT)
ACLR anterior cruciate ligament reconstruction, HT hamstring tendon, n.s. not significant, PT patellar tendon, QT quadriceps tendon
a Average yearly volume expressed as the median of the three most active years per surgeon
b Surgeon has performed at least 50 previous ACLRs or revisions
c Surgeon has used 1–3 autograft types in primary ACLRs

Total  
299

HT  
290

PT  
159

QT  
48

p value Test between-groups p value,  
Bonferroni-adjusted

HT vs PT HT vs QT PT vs QT

Average yearly  volumea  < 0.001  < 0.001  < 0.001 n.s
 Low-volume < 9 cases/year 100 (33.4) 94 (32.4) 16 (10.1) 2 (4.2)
 Mid-volume 9–28 cases/year 91 (30.4) 88 (30.8) 50 (31.4) 11 (22.9)
 High-volume > 28 cases/year 108 (36.1) 108 (37.2) 93 (58.5) 35 (72.9)

Caseload
  ≥ 50  ACLRb 159 (53.2) 158 (54.5) 112 (70.4) 41 (85.4)  < 0.001 0.003  < 0.001 n.s

No. of used graft  typesc  < 0.001  < 0.001  < 0.001  < 0.001
 1 graft 140 (46.8) 131 (45.2) 9 (5.7) 0 (0.0)
 2 grafts 120 (40.1) 120 (41.4) 111 (68.9) 9 (18.8)
 3 grafts 39 (13.0) 39 (13.4) 39 (24.5) 39 (81.3)

Table 3  Clinic characteristics of registered ACLRs 2008–2019 (n = 91 clinics)

Data are reported as n (%). Each clinic may appear in one or several groups (HT, PT, QT)
ACLR anterior cruciate ligament reconstruction, HT hamstring tendon, n.s. not significant, PT patellar tendon, QT quadriceps tendon
a Average yearly volume expressed as the median of the three most active years per clinic
b Clinic has used 1–3 autograft types in primary ACLRs

Total  
91

HT  
89

PT  
65

QT  
23

p value Test between-groups p value,  
Bonferroni-adjusted

HT vs PT HT vs QT PT vs QT

Average yearly  volumea n.s
 Low-volume < 21 cases/year 30 (33.0) 28 (31.5) 17 (26.2) 4 (17.4)
 Mid-volume 21–55 cases/year 32 (35.2) 32 (32.6) 22 (33.8) 6 (26.1)
 High-volume > 55 cases/year 29 (31.2) 29 (32.6) 26 (40.0) 13 (56.5)

No. of used graft  typesb  < 0.001 0.009  < 0.001  < 0.001
 1 graft 22 (24.2) 20 (22.5) 2 (3.1) 0 (0.0)
 2 grafts 52 (57.1) 52 (58.4) 46 (70.8) 6 (26.1)
 3 grafts 17 (18.7) 17 (19.1) 17 (26.5) 17 (73.9)
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pivoting sports and a concomitant MCL injury at the time of 
ACLR were also found to influence graft selection in favor 
of PT or QT autografts.

Graft choice

Previous registry-based studies confirm the use of HT as the 
most common autograft choice [25, 32, 33]. Additionally, 
studies investigating surgeon preference found a predilec-
tion for HT autografts in primary ACLR [14, 52]. However, 
there is an emerging trend toward increased PT and QT graft 
utilization in Scandinavia [46, 47]. It is therefore important 
that surgeons understand the risks and benefits of available 
graft options and are capable of using several grafts to meet 
the individual needs of each patient.

ACLR with an HT autograft is associated with lower 
donor-site morbidity [17, 19, 54], but with an increased risk 
of septic arthritis [15] and weakening of deep knee flexion 
strength [38] compared with a PT autograft. A PT auto-
graft results in an objectively more stable knee, albeit with 
an increased risk of anterior knee pain [6, 19, 54] and the 
development of osteoarthritis [17, 50]. Some studies have 
also found higher return to preinjury level sport frequen-
cies [7, 54] and a reduced risk of re-rupture and revision in 
favor of the PT autograft compared with the HT autograft 
[7, 8, 20, 27, 28, 37]. However, both HT and PT autografts 
yield high subjective knee function [20], but considering 
that the revision rate associated with HT autograft is up to 
4 times higher than with the PT autograft, it is questionable 
whether the “one-fits-all” use of HT as the primary choice is 
evidence-based [8, 27, 28, 31, 33, 34]. These recent findings 
have likely influenced Norwegian ACL surgeons, leading 
to a reduction in HT autograft use in Norway from 84% in 
2010 to 28% in 2019 and an increase in PT autograft use 
from 16 to 72% respectively [31, 47]. In this study, ACLRs 
with HT autografts have declined in recent years, but they 
are still used frequently (86.5% in 2019). Since 2015, there 
has, however, been a significant annual increase in the use of 
PT or QT autografts, illustrating a change in graft preference 
even among Swedish ACL surgeons.

The role of the QT autograft in primary ACLR is less 
well studied. Nonetheless, the QT autograft has been found 
to have a similar or lower rate of donor-site morbidity com-
pared with the HT autograft [11, 22]. At the same time, 
QT harvesting is associated with a reduction in quadriceps 
strength [22]. Further comparisons of the QT autograft have 
revealed similar or improved knee stability, return to activity 
level, graft survival rate and subjective outcome scores com-
pared with the HT autograft [11, 22, 29]. Additionally, stud-
ies comparing the QT and PT autografts report a lower rate 
of donor-site morbidity in favor of QT but no difference in 
knee stability, risk of re-rupture and subjective knee function 
[29]. These potentially advantageous findings have probably 

contributed to the slow, but steady increase in QT utilization 
seen in Sweden in this study. A trend of this kind has also 
been identified recently in Denmark, where QT autograft use 
increased from 2% in 2012 to 11% in 2019 [15].

Patient and injury factors

The graft choice based on patient sex is in agreement with 
previous reports from national ACL registries and surgeon 
surveys [21, 33, 52], but the underlying reasons are still 
somewhat unclear. While female sex has been identified as 
a risk factor for primary ACL injury, there is conflicting evi-
dence regarding the risk of graft rupture and revision rates 
between the sexes [3, 5, 25, 43, 45]. In terms of graft char-
acteristics, a few studies have found an increase in objective 
knee stability and a lower incidence of graft rupture in pri-
mary ACLRs with PT compared with HT autografts among 
young females [35, 39]. It is therefore debatable whether the 
significant difference in graft distribution between the sexes, 
seen in this study, is evidence-based and females perhaps 
receive less individualized treatment compared with males.

Interestingly, patients injured during handball and other 
pivoting sports, such as basketball, hockey, rugby and Amer-
ican football (but not football and floorball), had a higher 
probability of receiving PT or QT autografts. One possible 
explanation is that football and floorball are widely practiced 
at all the different non-elite recreational levels in Sweden, 
while handball and the other pivoting sports have fewer prac-
titioners and thus have a higher ratio of highly active ath-
letes. Although, level of activity was not assessed, thereby 
limiting the ability to draw conclusions.

Finally, patients with a concomitant MCL injury at the 
ACLR had five times higher odds of receiving PT or QT 
autografts. The HT contributes to the valgus stability in 
knee extension and it has therefore been suggested that it 
plays an important role in preserving the ipsilateral HT in 
MCL-insufficient knee joints [10]. However, even if non-
surgically treated, concomitant MCL injuries at ACLR have 
been found possibly to increase the risk of revision surgery 
[42], the use of HT autografts has not been linked to an 
increased risk in comparison to PT [44]. According to our 
results, Swedish ACL surgeons appear to adjust their graft 
choice in the presence of a concomitant MCL injury, but 
further studies are needed to evaluate whether the individu-
alization is evidence-based.

Surgeon experience and clinic volume

Many surgeons perform a limited number of ACLRs annu-
ally, but most patients are operated on by experienced sur-
geons and at high-volume clinics. This finding is consistent 
with reports from other countries, such as the UK, the US 
and the Netherlands [14, 47, 49]. However, the literature 
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on surgeon experience and clinic volume and their associa-
tion with graft choice in primary ACLR is scarce. In our 
study, the ability to use different graft types and the tendency 
toward individualization increased with surgeon experience. 
High-volume surgeons and surgeons with a registry caseload 
of at least 50 primary ACLRs/revisions were more likely to 
use PT or QT autografts, whereas clinic volume did not influ-
ence graft selection. Moreover, a primary ACLR with a QT 
graft was almost solely performed by experienced surgeons. 
A recently published study found that high-volume surgeons 
(> 25 ACLRs/year) and clinics (> 125 ACLRs/year) in the 

US were more likely to use autografts than allografts [18]. 
Another US study analyzed data from the Kaiser Permanente 
ACLR Registry between 2005 and 2010 and found that high-
volume (≥ 52 ACLRs/year) and fellowship-trained surgeons 
preferred PT and then HT autografts [12]. Taken as a whole, 
these findings indicate that surgeon experience is associated 
with different graft utilization and possibly with treatment 
individualization. It is important to emphasize this in the 
clinical setting, as previous research has repeatedly demon-
strated significant differences in graft characteristics. When 
considering whether graft individualization is important and 

Table 4  Factors influencing 
probability of receiving graft 
(PT/QT) other than HT in 
primary ACLR 2015–2019

Data are presented as the odds ratio (95% confidence interval)
ACLR anterior cruciate ligament reconstruction, CI confidence interval, HT hamstring tendon, MCL medial 
collateral ligament, n.s. not significant, OR odds ratio, PT patellar tendon, QT quadriceps tendon, ref refer-
ence
a Adjusted for all included variables
b Other pivoting sport = basketball, hockey, rugby and American football
c Other = other sports, exercise, work, traffic accident and other reasons

Variable Crude (univariable) Adjusted (multivariable)a

OR (95% CI) p value OR (95% CI) p value

Patient factors
 Female 0.907 (0.817–1.006) n.s 0.866 (0.774–0.969) 0.012

Age at surgery
  < 21 years 1.023 (0.898–1.165) n.s 1.058 (0.914–1.223) n.s
 21–30 years 1.098 (0.971–1.243) n.s 1.137 (0.995–1.300) n.s
  > 30 years Ref Ref

Injury factors
 Activity at time of injury
  Football 0.998 (0.874–1.140) n.s 1.022 (0.885–1.180) n.s
  Floorball 0.666 (0.523–0.849) 0.001 0.710 (0.553–0.911) 0.007
  Handball 1.275 (1.010–1.609) 0.041 1.305 (1.021–1.669) 0.034
  Other pivoting  sportsb 1.685 (1.335–2.128)  < 0.001 1.590 (1.244–2.033)  < 0.001
  Alpine skiing 1.145 (0.977–1.342) n.s 1.063 (0.901–1.254) n.s
  Other Ref Ref

Associated injury
 Meniscal injury 0.968 (0.874–1.074) n.s n.s
 Cartilage injury 0.951 (0.845–1.070) n.s n.s
 MCL injury 4.996 (4.261–5.858)  < 0.001 4.926 (4.181–5.804)  < 0.001
 Year of surgery 1.256 (1.209–1.305)  < 0.001 1.255 (1.207–1.306)  < 0.001

Surgeon factors
 Yearly volume
  Low-volume < 9 cases/year 0.683 (0.481–0.969) 0.033 0.861 (0.586–1.265) n.s
  Mid-volume 9–28 cases/year 0.581 (0.505–0.667)  < 0.001 0.623 (0.533–0.727)  < 0.001
  High-volume > 28 cases/year Ref Ref
  Caseload ≥ 50 ACLRs 1.751 (1.388–2.209)  < 0.001 1.406 (1.105–1.789) 0.006

Clinic factors
 Yearly volume
  Low-volume < 21 cases/year 0.501 (0.381–0.658)  < 0.001 0.749 (0.552–1.015) n.s
  Mid-volume 21–55 cases/year 0.806 (0.695–0.935)  < 0.001 1.075 (0.916–1.262) n.s
  High-volume > 55 cases/year Ref Ref
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to optimize the treatment given to each unique patient, it 
is mandatory for surgeons to be able to use more than one 
graft option. The findings in this study suggest that patients 
might benefit from surgery being performed by high-volume 
surgeons, as PT/QT autografts were used relatively more 
frequently by experienced surgeons. Surgeon experience 
might be an important factor to adjust for in multiple-sur-
geon studies of graft choice in primary ACLR. However, it 
also remains to be investigated whether graft individualiza-
tion and surgeon experience influence outcomes, such as 
the risk of re-rupture and results relating to patient-related 
outcome measurements.

Even though an HT autograft was used in more than 90% 
of all ACLRs during the study period, the large sample of 
almost 40,000 ACLRs also enabled us to analyze both PT 
and QT autografts, as well as surgeon experience and clinic 
volume. However, some innate limitations are associated 
with registry-based studies like ours, since they rely on both 
patients and surgeons to report and enter data correctly. For 
example, non-surgically treated MCL injuries are probably 
underreported in the SNKLR and the findings relating to 
MCL injuries should therefore be interpreted with some 
caution. Additionally, the non-exclusion of younger patients 
with open growth zones might have masked a potential dif-
ference in graft selection based on patient age. Next, another 
limitation is the lack of certain data, such as patient activity 
level, which prevented further analyses of graft individuali-
zation. In this study, activity at the time of injury was used 
as a general indication of patients’ activity level, but it does 
not reveal whether a person is moderately active or compet-
ing at elite level. It is therefore important to assess activity 
level in future studies, since this could influence the graft 
choice decision. Finally, the definition of surgeon experience 
and clinic routine varies across the literature and there are 
no established cut-off values defining low- to high-volume 
surgeons and clinics.

Conclusion

Patients operated on by more experienced surgeons received 
relatively more PT and QT autografts, whereas clinic vol-
ume did not appear to influence graft selection. An increase 
in the use of PT/QT autografts was also seen among patients 
injured during some pivoting sports and patients presenting 
with a concomitant MCL injury at ACLR. Even though most 
Swedish patients were operated on by experienced surgeons 
and at high-volume clinics, the majority still received HT 
autografts.
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