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SUMMARY
Introduction. When dealing with ruptures at the tendon-bone junction either transosseous sutures(TS) or anchor fixation(AF) are the most well described methods of repair. The
aim of this study was to compare these two surgical methods by carrying out a systematic
review of the existing literature.
Methods. A systematic search of bibliographic databases to identify studies using either TS
or AF for patients with QTR, with outcome measures being either range of motion(ROM),
extension lag(EL), re-rupture(RR) and/or Lysholm score(LS).
Results. The AF group included 3 studies containing 45 patients. The postoperative
outcomes reported were a ROM average of 128,5°, and 3 EL (6,7%) and 2 RR were reported(4,4%). 2 postoperative LS showed an average of 88,9.
The TS group included 2 studies containing 32 patients. One study reported an average ROM postoperatively of 138°, one a ROM under 120° postoperatively in 2 out of 14
QTRs, 3 EL (13%), no RR and one postoperative LS of 94 in 8 patients.
Conclusion. This study implies a slight postoperative advantage when using transosseous
sutures compared to anchor fixation. However, given a low patient count and a lack of
statistical power, no conclusion on the optimal surgical method for QTR can be made.
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INTRODUCTION
Quadriceps tendon rupture(QTR) at the bone-tendon junction is an invalidating injury often seen in middle-aged men
over 40 years of age (1). However, it also occurs in younger athletes (2,3). The risk of QTR is increased by certain
risk factors (4). Despite of these risk factors, the incidence remains low. According to Clayton et. al. the incidence of QTR in and around Edinburgh in Great Britain is
1,37/100,000(5).
The injury mechanism is typically described as an eccentric
contraction of the knee when trying to prevent a fall (4,6),
although spontaneous ruptures do occur (4). Typical findings are pain above the knee cap, a palpable supra-patellar
gap and inability to actively extend the knee (7,8)
Several surgical techniques have been suggested in the literature (7,9–11). However transosseous sutures and anchor
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fixation are the most well described when dealing with
ruptures at the tendon-bone junction. Since being reported
in the mid 1950’s (12), using transosseous sutures to reinsert the tendon through patella drill holes has remained the
primary option when dealing with QTR (1,13).
The use of suture anchors drilled into the patella when
reinserting the quadriceps tendon(QT) was first described
in year 2000 by Maniscalco et al. (14). This has lately been
proposed as a good alternative to transosseous sutures given
strong bio mechanical properties and furthermore an easier approach(15,16). Advantages such as reduced operation time, the use of a smaller skin incision, as well as earlier rehabilitation have also been mentioned (17). However
disadvantages regarding price and risk of infection due to
the use of a foreign body must be taken into consideration.
A need for further studies comparing the two interventions
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has been pointed out (17,18), given that re-fixation of the
QT using transosseous sutures is thoroughly tested and
possible long-term complications are known (18).
To our knowledge no systematic review has been published
comparing the outcome of transosseous sutures to the
outcome of anchor fixation when reinserting the QT. The
aim of this study was to review the current literature on
the two methods, and if possible carry out a meta-analysis focusing on postoperative outcome, with our hypothesis being a postoperative advantage when using suture
anchors.
Hopefully this review will be able to shed some light on the
surgical dilemma when choosing treatment for this injury.

MATERIALS AND METHODS
A systematic literature search in bibliographic databases was carried out with a pre-defined selection strategy according to pre-specified eligibility criteria. The
procedure was defined by a protocol following the standards of the Cochrane Collaboration (http://www.
cochrane-handbook.org/) which was made publicly available via PROSPERO (www.crd.york.ac.uk/PROSPERO/)
(CRD42018088738) ) prior to carrying out the search and
data handling.

Literature search
The bibliographic databases: MEDLINE via PubMed from
1966, EMBASE via Ovid from 1974, Web of Science from
1900 and The Cochrane Central Register of Controlled
Trials, all until 16th January 2019 were searched.
The search strategy was ((quadriceps tendon OR knee) AND
(suture anchor* OR transosseous suture* OR trans-osseous
suture* OR patella drill hole*))
In Medline, EMBASE and Cochrane this was searched as
TI/AB, and in Web of Science as free text. References from
selected studies and relevant reviews were also scrutinized
for further eligible studies.

Inclusion criteria
Studies were included if they met the following criteria:
1. The study population consisted of a minimum of 8 men
and/or women aged ≥18 years, and diagnosed with unilateral or bilateral QTR.
2. The diagnosis resulted in a surgical intervention with
either the use of anchor fixation or transosseous sutures
through patella drill holes.
3. The outcome measure was either extension lag and/
or range of motion and/or re-rupture and/or Lysholm
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score(19). For the Lysholm Score (scale 0-100), a higher
score indicates healthier condition.
4. The outcome was well described and there was a minimum follow-up period of 12 weeks.

Exclusion criteria
1. QTR as a complication to total knee arthroplasty.
2. A diagnosis of mid tendon rupture resulting in end-toend tendon sutures.
3. A diagnosis of QTR in combination with a fracture/avulsion in relation to the knee joint.
4. Surgical intervention of each patient not clear or differing from the two interventions examined in this study.

Selection of studies
Two reviewers (MCH supported by JVI) assessed all
retrieved studies, first by title and abstract, and further in
full-text if positive evaluation at abstract level, to identify those that fulfilled the inclusion criteria. Disagreement
concerning study inclusion or exclusion was resolved by
consensus with a third reviewer (EMB).

DATA ANALYSIS
Two reviewers (MCH supported by JVI) extracted the
following parameters from the included studies: study
design; population size; follow-up period; characteristics
of the study population (gender, age); surgical intervention;
and postoperative outcome measures.

STATISTICS
Due to insufficient data, especially too few studies, the
planned statistics and meta-analysis could not be carried
out. However a Coleman Methodology Score(CMS)(20)
was calculated for each study to assess the methodology of
each of the included studies. The CMS is composed of 10
categories describing characteristics of the study in question
and reported surgical outcomes with a maximum of 100
points.

REGISTRATION AND FUNDING
The protocol was uploaded to PROSPERO, the international prospective register of systematic reviews,
and approved on the 14.02.2018. Registration number:
CRD42018088738.
EMB was supported by a grant to the Parker Institute from
the OAK foundation (OCAY-13-309).
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RESULTS

STUDY CHARACTERISTICS

Selection
The literature search identified 137 articles when duplicates
were removed (figure 1).
Out of these, 86 were excluded based on title and abstract.
This was mainly due to lack of a QTR diagnosis or absence
of a surgical intervention. The remaining studies were
further scrutinized in full-text and an additional 39 studies
were excluded. The main reasons for exclusion were either
an unclear description of patients or surgical procedures, or
inclusion of less than 8 patients, thereby being a multi-case
study according our set definition. During data extraction a
further 7 studies were excluded due to either an insufficient
description of their method and/or their results.
Finally, 5 studies were divided into two groups according the
intervention. One study included both interventions. The
outcomes of the different studies using anchor fixation or
transosseous sutures, respectively, are listed in Table II and
III.
Due to the lack of randomized controlled studies the
Cochrane Collaboration’s tool for assessing risk of bias
could not be applied.
Studies by Konrath et al.(21), Popov et al.(22), Vainionpää
et al.(23), O’Shea et al.(24), Ramseier et al.(25), Boudissa et
al.(26), Rasul et al.(27) were all excluded due to lack of sufficient description of method and/or outcome.

Search results after removal
of duplicates = 137
Not fulfilling selection
criteria = 86
Full text examination = 51
Not fulfilling selection
criteria = 39
Data analysis = 12
Not sufficient description
of method and/or
outcome = 7
Included studies = 5*
Suture anchors = 4
Transosseous sutures = 2

Figure 1. Selection process of included studies. *1 study
included both interventions
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The anchor fixation group (table II) consisted of 81 patients
from 4 studies(13,28–30). A total of 81 QTRs were reported
with 78 patients available for follow-up. The group consisted of 68 men and 10 women, with a mean age of 60,1 years
(table I).
The transosseous suture group (table III) consisted of 32
patients from 2 studies (29,31). A total of 23 QTRs were
reported with 23 patients available for follow-up. The group
consisted of 29 men and 3 women with a mean age of 58
years (table I).

ANCHOR FIXATION
Table II shows the results from studies using anchor fixation
as a surgical approach for QTR.
All 4 studies reported ROM and re-rupture, and 3 out of
4 reported extension lag as an outcome measure. 2 out of
4 reported a postoperative Lysholm score. All 4 studies
reported a postoperative ROM. In average, this was 123°
in 81 ruptures. 3 extension lags (6,7%), 1 in 3 of the studies, and 2 re-ruptures were reported (2,5%). 2 postoperative
Lysholm scores were reported with a weighted average of
88,9 out of 100.
The surgical procedures are described in table III. For the
postoperative regime Plesser et al.(29) allowed restricted active motion of the injured leg after 2 weeks, 40° after
2 weeks and 60°after 4 weeks, respectively. In opposition
to this, Huleatt et al.(30), Brossard et al.(13) and Mille et
al.(28) immobilized their patients in full extension for 6
weeks, with only passive motion and protected weight bearing. CMS is given for all studies in Table II.

TRANSOSSEOUS SUTURES
Table II shows the included studies using transosseous
sutures as a surgical approach for QTR.
Both studies reported ROM, extension lag and re-ruptures
as an outcome measure. Only Plesser et al.(29) reported a
Lysholm score. De Baere et al.(31) reported the outcomes as
ROM above or below 120°.

Table I. Patient characteristics
Intervention

M:F

Mean age
(years)

Mean follow-up
(months)

Anchor fixation 68:10

60,1

33.9

Transosseous
sutures

57,7

64,8

29:3

M: Male; F: Female
Muscles, Ligaments and Tendons Journal 2019;9 (3)

M. Corÿdon Hochheim, E. M. Bartels, J. Vestergård Iversen

Table II. Characteristics and outcomes of included studies.
Study

Surgical Method

Year

Type

Huleatt et al. (30)

Anchor fixation

2018

Plesser et al. (28)

Anchor fixation

Brossard et al. (13)

QTRs

EL

Av.
ROM°

RR

Lysholm

CMS

Retrospective study 36

-

116°

0

-

42

2018

Retrospective study 9

1

132°

0

88

52

Anchor fixation

2017

Retrospective study 25(22)* 1

128,2°

0

92

54

Mille et al. (27)

Anchor fixation

2015

Prospective study

1

124,5°

2

89,7

69

Plesser et al. (28)

Transosseous
sutures

2018

Retrospective study 8

0

138°

0

94

52

De Baere et al. (29)

Transosseous
sutures

2002

Retrospective study 15

3

(2)**

0

-

35

11

QTRs: Quadriceps tenson ruptures. EL: Extension lag. ROM: Range of motion. RR: Re-rupture. Lysholm: Lysholm score(0-100). CMS: Coleman Methodology Score. *22 patients were included with 3 suffering from bilateral ruptures. **De Baere et al. only reported ROM as above or below 120°, with
the reported result being the number of postoperative ROM under 120°.

Table III. Overview of the surgical procedures in the included studies
Study

Year

Type

Description of surgical procedure

Huleatt et al.(30)

2018

Anchor fixation

2-3 anchors with modified Mason-Allen sutures are placed using 1 FiberTape
and 1 FiberWire per anchor. 4.75 SwiveLock anchors are used. Either a
knotless technique with 1 FiberTape and 1 FiberWire suture through the tip
of each anchor or a knot-tied technique with sutures placed and a similar
modified Mason-Allen manner stitch pattern applied.

Plesser et al.(28)

2018

Anchor fixation

3 pilot holes in the proximal patella. 3 5,5 mm titanium corkscrew armed with
2 strands of FiberWire og two of TigerWire. A Mason-Allen stitch pattern was
used.

Brossard et al.(13)

2017

Anchor fixation

Modified Bunnell sutures using 2-3 suture anchors. 2 types of anchors: 5.0
titanium corkscrew or 5.5 mm Healix Ti.

Mille et al.(27)

2015

Anchor fixation

3 barbed or threaded anchors made of titanium or resorbable material, 5 to
6.5 mm in diameter loaded with double needles.

Plesser et al.(28)

2018

Transosseous sutures

Drilling 3-4 longitudinal tunnels through the patella and suturing the tendon
using either 3% Ethibond, polydioxane or FiberWire. 3 suture pattern
techniques were used: Mason-Allen, Krackow and Kessler-Kirchmayr.

De Baere et al.(29)

2002

Transosseous sutures

Only described as transosseous reinsertation of the tendon.

Plesser et al.(29) reported an average ROM postoperatively, being 138° averaged from 8 QTRs. De Baere et al.(31)
reported a ROM under 120° postoperatively in 2 out of
14 QTRs. 3 extension lags were reported out of a total of
23 QTRs (13%). No re-ruptures were reported. Plesser et
al.(29) reported a Lysholm score of 94 in 8 patients.
The surgical procedures are described in table III. The postoperative regime of the 2 studies did not differ substantially. Both studies immobilized their patients postoperatively
for a period of 4,5-8 weeks. CMS is given for all studies in
Table III.
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DISCUSSION
Previously, when reinserting the QT at the tendon-bone
junction transosseous sutures have been the golden standard(32) for treatment. Our findings showed a slight postoperative advantage when dealing with ruptures at the tendonbone junction and using transosseous sutures compared to
anchor fixation. This does not support our hypothesis of
suture anchors being superior, which was based on the use
of anchor sutures becoming more frequent (33) and being
recommended as a good alternative to transosseous sutures
(14), especially in terms of better biomechanical results (16).
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When comparing refixation of the QT with suture anchors
to transosseous sutures, suture anchors may well have a
biomechanical advantage (15,16). Furthermore there may
be operative advantages such as reduced operation time,
the use of a smaller skin incision and earlier rehabilitation
(14,17). However, with unknown long-term complications
and a higher price compared to the transosseous sutures
(18) anchor fixation is probably not cost beneficial.
The inclusion and exclusion criteria in the included studies were based on the current knowledge on QTR. Only
ruptures at the tendon-bone junction were included, as
bony avulsions or mid-tendon ruptures were not indications
of any of the repair methods examined in this study (6). To
narrow down the etiology, QTR as a complication to total
knee arthroplasty and/or in combination with a fracture
were excluded.
Risk factors regarding QTR were not incorporated in the
selection process. This was in accordance with risk factors
not affecting the postoperative outcome (21,24).
Both uni- and bilateral ruptures were included. As reported
by Popov et al (22), this was another factor that could possibly affect the results. Bilateral ruptures were found to have
better outcomes than unilateral. Due to the limited number
of studies, this study examined both bi- and unilateral QTR.
Studies including less than 8 patients were excluded based
on being a multi case study, and therefore not relevant here
due to the descriptive nature of the data. Studies with an
insufficient description of their method and/or their results
were also excluded due to an unclear outcome of the
specific surgical approach. This study demonstrates that
only a few studies with proper design and sufficient statistical power have been carried out on the defined surgical
procedures, and even fewer gives useful and well-defined
outcomes.
The two patient groups allocated according to their surgical repair method, transosseous sutures or anchors fixation,
were comparable regarding gender, age and time to followup. QTR patients included were mostly men above the age
of 50. This was consistent with previous findings (4).
Only postoperative ROM averages were reported. In total
123° in 81 QTRs in the anchor group and 138° in 8 QTRs
in the transosseous group with a further 2 out of 15 QTRs
being <120°. As 120° is considered a sufficient ROM and a
good postoperative result (31,34), the groups seem comparable. Similar results were seen in the studies of Boudissa et al. (26), with ROM postoperatively being 133° in 25
QTRs, and Wenzl et al. (35) with a ROM of 131,7° in 29
patients. However with both these studies using 2-3 different surgical techniques, and with transosseous sutures and
end-to-end sutures used in both studies, the results are not
completely comparable to the studies included here.
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3 extension lags were reported in both groups, respectively,
3 out of 45 QTRs (6,7%) in the anchor fixation group, and
3 out of 23 QTRs (13%) in the transosseous sutures group.
This difference has earlier been proposed as being due to a
difference in postoperative rehabilitation protocol(35). The
two groups differed in this with the anchor fixation group
implementing early passive motion and partial weight bearing for the first 6 weeks after surgery (29). Furthermore,
increasing restricted active motion was allowed from week
3. The transosseous group immobilized their patients in a
cast or knee brace for 4,5-6 weeks. Both Ramseier et al.(25)
and West et al.(36) looked at early rehabilitation vs immobilization. No significant postoperative difference in ROM
and re-rupture was seen.
2 re-ruptures in 45 QTRs (2,5%) were reported in the
anchor group compared to 0 in 23 QTRs(0%) in the transosseous group. This did to a certain extent correlate with
previous findings(1), stating a 2% postoperative re-rupture risk. The included re-ruptures in the anchor fixation
group, were excluded by Mille et al (28) due to that the two
cases were considered technical failures. These two patients
did not wear the splint as instructed. Other postoperative
complications and the need for reoperation were not taken
in to account in this study.
Lysholm score was reported in both groups with an average
of 88,9 in the anchor fixation group and 94 in the transosseous group, respectively. As reported by Briggs et al. (37),
the average score in the general population is 94 out of 100.
However, with the limited number of studies, being further
limited in the transosseous group with only Plesser et al.
(29) reporting the score, there is not enough available data
to conclude on the Lysholm Score.
The Lysholm score was chosen as outcome measure in spite
of being an overall knee score (19) and not being specific
for QT. However, given the fact that no QTR specific score
has been developed, it is a useful and easy-to-use starting
point.
The main weakness this study is a lack of studies with a high
level of evidence. No randomized controlled trials were
identified. This presented us with results which were difficult to interpret. There was not sufficient data for carrying
out a meta-analysis, or even for simple statistical comparisons. The Coleman Methodology Score shows a general
possibility of bias and confounding in the included studies
with only one study scoring >55 out of 100. Furthermore,
in all of the included studies patient compliance to the postoperative protocol was not stated or discussed, resulting in
a score of 0 in the category. Likewise, whether the investigator was independent of the surgeon or not, and whether
the assessment by the subjects themselves was with minimal
investigator assistance was not stated or discussed in most
Muscles, Ligaments and Tendons Journal 2019;9 (3)
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of the included articles. These were therefore given a score
of 0 in both minor CMS categories.
Since most of the studies were retrospective, the diagnostic certainty was assessed as adequate, due to only subjects
suffering from QT being included and the diagnosis being
confirmed during surgery.
Based on present research and evidence we were not able to
asses if there is a postoperative advantage when using suture
anchors instead of transosseous sutures for QTR. Future
investigations into the subject must be better protocolized to
give higher evidence by comparing the two methods directly,
best in a randomized controlled study. Then clear guidelines
can be given for the surgical procedures for QTR.

CONCLUSION
The present study implies a slight postoperative advantage
when using transosseous sutures compared to anchor fixation based on a better percentage in extension lag. The transosseous fixation group was superior in postoperative ROM,
re-ruptures and Lysholm score. However, the evidence is
low due to the limited number of available studies and the
quality of these.
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