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Abstract: (1) Quadriceps tendon rupture (QTR) is a rare pathology, usually occurring in elderly
patients with comorbidities, requiring surgical therapy. The aim of this study was to analyze rupture
patterns and concomitant injuries using preoperative magnetic resonance imaging (MRI) and to eval-
uate patient-reported outcome measures. (2) In this retrospective cross-sectional study, 113 patients
with QTR were screened and rupture patterns/concomitant injuries (n = 33) were analyzed via MRI.
Clinical outcome was assessed in 45 patients using the International Knee Documentation (IKDC)
and Lysholm score with a mean follow-up of 7.2 (±5.0) years. (3) The evaluation of preoperative
MRIs showed multiple ruptures of subtendons in 67% with concomitant knee injuries in 45%. The
most common associated pathology detected using MRI was pre-existing tendinosis (31.2%). Surgical
refixation demonstrated good results with a mean post-operative IKDC score of 73.1 (±14.1) and
mean Lysholm score of 84.2 (±16.1). Patient characteristics and individual radiologic rupture patterns
did not significantly affect the clinical outcome of patients. (4) Acute QTRs are complex injuries with
common involvement of multiple subtendons. MRI imaging can be useful for achieving an accurate
diagnosis as pre-existing tendinosis as well as concomitant injuries are common, and might be useful
for providing an individual surgical strategy and improving outcomes.

Keywords: knee surgery; tendon rupture; knee extensor mechanism injuries; magnetic resonance
imaging

1. Introduction

Quadriceps tendon rupture (QTR) is an uncommon injury with an incidence of
1.37 per 100,000 [1]. The mechanism of a rupture can be direct or indirect. The most
common cause is a simple fall, but it is also seen because of car accidents or sporting
activities. Spontaneous or even bilateral ruptures can be found as well in selected cases.
The rupture of a healthy quadriceps tendon is rare, but QTR may sometimes occur in
younger patients below the age of 40 years due to forceful eccentric muscle contractions
during strenuous activities.

Most ruptures occur in men between 50 and 60 years old with certain comorbidities
affecting tendon collagen structure [2]. Tendon injury patterns can vary within a range from
partial ruptures of quadriceps’ subtendons to complete ruptures of all tendons forming the
quadriceps tendon. While the majority of partial ruptures can be treated nonoperatively,
complete ruptures usually require surgical therapy to avoid severe functional deficits [3,4].
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In addition to older patient age and male gender, known patients’ risk factors for
QTR include rheumatoid arthritis, systemic lupus erythematosus, diabetes mellitus, long-
term corticosteroid therapy, fluoroquinolones treatment, chronic kidney disease, second
or tertiary hyperparathyroidism, gouty arthritis and peripheral vascular disease [5]. Pre-
existing tendinosis is common in these patients, but its exact development is not fully
understood, although it may play an important role regarding surgical refixation [6]. Fatty
tendon degeneration and collagen alterations due to chronic inflammation are frequently
described [7]. Furthermore, data on concomitant knee injuries are also scarce [2]. As
QTR is often linked to falls due to sudden loss of motor control, concomitant injuries are
likely to occur. Especially when flexion and rotational movements are combined during
trauma, additional intraarticular injuries such as meniscal injuries or rupture of the anterior
or posterior crucial ligament may occur. Resulting persistent instability and pain can
cause inferior individual outcomes. Due to the demographic development, an increasing
incidence in QTR can be expected. Therefore, the improvement of diagnostic accuracy as
well as further investigation of different surgical techniques seems mandatory to advance
an individual therapeutic approach. In a review by Arnold et al., it was noted that the
additional information provided by magnetic resonance imaging (MRI) helps in visualizing
the local anatomy and may be of benefit, although the incidence of concomitant injury
remains relatively low [8].

The understanding of precise quadriceps tendon anatomy is crucial for successful
surgery as surgeons should be aware of the trilaminar structure combining rectus femoris
(RF) as a superficial layer, an intermediate layer formed by the vastus medialis (VM) and
vastus lateralis (VL) muscles and a deep layer formed by the vastus intermedius (VI)
muscle [9,10].

During surgery, the identification of the exact rupture pattern can be demanding and
misinterpretation or insufficient debridement of tendinosis within the stump can lead to
inadequate fixation resulting in a loss of function or re-rupture. Therefore, knowledge
of rupture patterns and tendon quality seems essential for careful pre-surgical planning.
Regarding exact rupture patterns in QTR, there have been few studies so far and, be-
sides clinical examination, sonography is still the common method of choice for initial
diagnosis [11]. However, the sensitivity and specificity of sonography in the assessment
of quadriceps injuries can vary and it is known to be operator-dependent. In contrast,
MRI is more standardized and can consistently and accurately visualize a ruptured ten-
don [8,12,13]. The recent literature has suggested that MRI is the gold-standard test for
diagnosing QTR, with reported sensitivity, specificity, and a positive predictive value of
1.0 [8,12]. Falkowski et al. evaluated 53 QTRs via magnetic resonance imaging (MRI) in
2021 and found 183 subtendon ruptures affecting different parts of the quadriceps tendon
(RF, VM, VL, VI) mainly localized near the patella [13]. Furthermore, MRI can be useful
for describing tendon quality at the rupture site as well as bony spurs at the insertion
and, therefore, for planning optimal surgical therapy [13]. A systematic review by Oliva
et al. examined the literature on QTR and demonstrated results of chronic and complex
QTR. They defined complex ruptures as re-ruptures (9%), chronic (16.5%) or linked to
total knee arthroplasty (74.5%). They concluded that macroscopic tendon quality, rather
than time since trauma, was critical in the choice of the surgical technique [14]. As MRI
sequences have the capability to demonstrate individual tendon quality at the rupture site
in each individual patient, it can be assumed that surgical therapy might benefit from this
additional information.

Good clinical outcomes after QTR have been reported previously in several studies.
Patients returned to their pre-injury activities despite advanced age and regardless of
surgical technique used for fixation [15,16]. However, only few studies have focused on a
middle-aged to older population [2,16]. As QTR represents a severe injury in the elderly
resulting in a loss of mobility, quality of life and associated co-morbidity, further studies
are needed in this special study population.
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The primary aim of this study was to analyze rupture patterns and concomitant
injuries in preoperative MRIs. The secondary aim of the study was to evaluate whether
rupture patterns or patient-related characteristics have an impact on patient-reported
outcome measures (PROMS) after surgical refixation.

2. Materials and Methods
2.1. Study Population

From a total of 254 patients with acute QTR treated with surgical refixation in the
period from January 2000 to August 2022 at a maximum care hospital, 113 patients were
included in the study for a retrospective analysis (Figure 1).
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Figure 1. Study flowchart.

Inclusion criteria were a minimum patient age of 40 years and surgical treatment of
QTR. Exclusion criteria were concomitant injuries that affected the ipsi- or contralateral
lower extremity, psychiatric disorders (including dementia), patients with complications,
patients with existing knee implants or prior surgery on the knee, as well as re-rupture of
the QT. Of the 113 patients eligible for the study, 15 were dead, 19 patients suffered from
psychiatric disorders (including dementia) at the time of evaluation, and 4 patients had
complications of treatment. Furthermore, 30 patients had to be excluded due to insufficient
medical records.

2.2. Diagnosis and Surgical Treatment

Diagnosis in all patients was performed at the emergency department including his-
tory, clinical examination, plain X-rays, and ultrasound or MRI examination. The applied
surgical techniques were transosseous tendon refixation using patellar drill-holes or re-
fixation using suture anchors. In all cases, surgery was performed by an experienced
orthopedic surgeon using a vertical incision starting at the proximal patella pole and
extending it proximally. Tendon rupture patterns were explored and refixation was per-
formed on all identified ruptured quadriceps’ subtendons after debridement of tendon
stumps and creating a bony rim at the proximal patella pole. Postoperatively, the affected
leg was put in an orthosis with the leg fully extended. All patients were mobilized with
crutches or a walker on the second day after surgery under instructions from a competent
physiotherapist. Patients were instructed to wear the knee straightening brace for 6 weeks.
Physiotherapy was allowed after one week with passive ROM 0-0-30 and an increase in
flexion for 30 degrees every two weeks. Full knee flexion and active knee extension were
allowed after 6 weeks.



J. Pers. Med. 2023, 13, 364 4 of 11

2.3. Evaluation of Preoperative MRI

Preoperative MRI was available for evaluation with 33 patients. Images were acquired
using 1.5 or 3.0 Tesla scanners. The standard MR protocol consisted of sagittal proton den-
sity (PD) fat-saturated and sagittal PD non-fat-saturated images, coronal PD fat-saturated
images, axial T2 fat-saturated images and axial T1 non-fat-saturated images.

Images were evaluated retrospectively by an experienced musculoskeletal consul-
tant radiologist on an approved PACS workstation (Ashvins, MedicalCommunications,
Heidelberg, Germany). For each quadriceps tendon rupture, the radiologist analyzed the
injured subtendons of the quadriceps tendon as follows: RF, VM, VL and VI, as described
in previous studies [13], and whether it was partial or complete. Furthermore, the exact
location of rupture (myotendinous junction, intratendinous area and near the patella pole)
was evaluated. In the case of complete rupture, the retraction distance was determined in
millimeters (mm). Other concomitant injuries such as meniscal lesions, cruciate ligament
ruptures and collateral ligament injuries, as well as signs of degenerative changes in the
collagenous tendon structure such as tendinosis, were also evaluated.

2.4. Patient Related Data and PROMS

Patient-related data such as gender assigned at birth, age at surgery in years, length
of hospital stay before and after surgery in days, American Society of Anesthesiologists
Physical Status Classification System (ASA PS classification I-VI), body mass index (BMI)
and prescribed medication were extracted from hospital medical records.

After hospital discharge, the clinical outcome was assessed by an experienced orthope-
dic surgeon in the outpatient clinic using the International Knee Documentation Committee
(IKDC) and the Lysholm score [17,18], with a minimum follow-up of 1 year.

2.5. Statistical Analysis

All data were obtained and analyzed retrospectively. The statistical analysis was
performed using Python (version 3.9.7. with SciPy 1.8.1, Python Software Foundation in
Wilmington Delaware, USA). All p-values were statistically significant at p-value < 0.05.
Normal distribution was tested using the Shapiro–Wilk test. For normally distributed data,
the Pearson correlation coefficient was used. For non-normally distributed and normal-
scaled data, the Spearman test was used. The Kruskal–Wallis H-test and Mann–Whitney U
test were utilized depending on the group size. Unless otherwise stated, descriptive results
are demonstrated as mean ± standard deviation and range.

The study was approved by the institutional review committee (Paracelsus Med-
ical University at the Nuremberg Hospital, Number IRB-2022-007) following national
legal guidelines.

3. Results

Of 113 patients with acute, first-time QTR included in the study, 97 (85.8%) were male
and 16 (14.2%) were female. Complete follow-up including IKDC and Lysholm scores was
obtained in 45 patients (39.8%) with a mean follow-up of 7.2 (±5.0) years.

3.1. Demographic Data and Patients’ Characteristics

The characteristics of the study population including ASA PS classification, number of
regularly prescribed long-term medication, time-to-surgery and time spent in hospital are
demonstrated in Table 1.

3.2. Quadriceps Tendon Rupture Patterns

The majority of QTRs were localized near the patella pole (71.0%) at the bony junction
between the quadriceps tendon and the patella (without bony avulsion). A small proportion
of ruptures was found at the myotendinous junction (12.5%) and only few ruptures were
considered to be intratendinous (9.30%). In two cases, ruptures could be found in two
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different localizations in the same patient. One rupture could not be precisely assigned
using MRI. All identified rupture patterns are demonstrated in Figure 2.

Table 1. Demographic data and patients’ related characteristics.

All Patients
(n = 113)

Female
(n = 16)

Male
(n = 97)

Age, y (mean ± SD) 61.2 ± 16.2 67.7 ± 17.0 60.1 ± 15.9
BMI 1 (mean ± SD) 32.5 ± 7.5 32.3 ± 7.7 32.5 ± 7.5

ASA classification 2 (n, %)
ASA I 19 (16.8) 2 (12.5) 17 (17.5)
ASA II 57 (50.4) 7 (43.7) 50 (51.5)
ASA III 36 (31.8) 7 (43.7) 29 (29.8)

Time-to-surgery 3, d (mean ± SD) 7.6 ± 7.1 7.5 ± 7.8 7.6 ± 7.0
Hospital stay 4, d (mean ± SD) 4.9 ± 4.2 7.4 ± 4.9 4.5 ± 3.9

Number of medications, n (mean ± SD) 3.3 ± 2.9 4.1 ± 2.5 3.2 ± 3.0
1 BMI: body mass index; 2 ASA: American Society of Anesthesiologists Physical Status Classification System; 3

time: days from rupture to operation; 4 time: days from operation to hospital discharge.
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Figure 2. Rupture site based on MRI evaluation.

Altogether, the 33 evaluated MRI images showed 70 ruptures of subtendons (RF,
VM, VL and VI). While 62.9% were complete ruptures, 37.1% partial ruptures could be
identified (Figure 3). Complete rupture in the rectus femoris (30.0%) was the most common
(Figure 4a), followed by complete rupture of the vastus medialis (15.7%). When combining
the affected layers of the quadriceps tendon with the location, complete distal rupture of
the RF subtendon was most common. Most patients (67%) showed multiple ruptures of
subtendons compared with single tendon ruptures (33%).
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Figure 3. Partial and complete ruptures of quadriceps tendons by subtendons. Figure 3. Partial and complete ruptures of quadriceps tendons by subtendons.

For complete QTR, the mean retraction distance was 16.5 mm (range 4.0–36.0 mm).
The most common associated pathology with QTR detected via MRI was pre-existing
tendinosis (31.2%). This was more frequent in complete ruptures (33.3%) than in partial
ruptures (22.2%).
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3.3. Concomitant Injuries Found in Patients with Quadriceps Tendon Ruptures

The evaluation of MRI images showed concomitant injuries with QTR in 15 patients
(45.0%, Figure 5). Meniscal lesions were identified at the medial meniscus in one patient
(3.1%) and at the lateral meniscus in four patients (12.5%). Partial collateral ligament lesions
(34.4%) and partial lesions of the anterior and posterior cruciate ligaments (28.1%) were
also detected.
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medial meniscus and 6 lateral meniscus.

3.4. Evaluation of PROMS after Refixation of Quadriceps Tendon Ruptures

As shown in Table 2, the overall patient-related outcome measured with the IKDC
score (73.1 ± 14.1) and the Lysholm score (mean 84.2 ± 16.1) was good. The investigated
patients’ characteristics did not show a significant correlation with clinical outcome (Table 3).
Regarding the surgical technique, transosseous refixation (48%), tendon suture (27%) and
the combination of transosseous refixation and intratendinous suture (25%) showed no
influence on the measured outcome. Furthermore, the evaluation of rupture patterns
also yielded no significant effect on PROMS after refixation of QTR with the described
techniques. Re-ruptures of the QT after surgical therapy during follow-up occurred in
11 patients (9.7%). None of these patients had preoperative MRI. The percentage of patients
who suffered from arterial hypertension as a cardiovascular disease was 72%, and 27%
suffered from diabetes mellitus type II and obesity.
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Table 2. Follow-up and patient-reported outcome measure scores.

All Patients
(n = 45)

Female
(n = 3)

Male
(n = 42)

Follow-up in years (mean, range) 7.2, 1.0–17.1 8.4, 5.2–14.3 7.1, 1.0–17.1
IKDC score (mean, range) 73.1, 38.0–87.0 56.3, 38.0–84.0 74.3, 47.0–87.0

Lysholm score (mean, range) 84.2, 39.0–100.0 62.7, 39.0–99.0 85.9, 50.0–100.0
Re-ruptures (n) 11 - 11

Table 3. Correlation of patient characteristics and patient-related outcome.

Patients’ Characteristics
for QTR

IKDC
r-Value

IKDC
p-Value

Lysholm
r-Value

Lysholm
p-Value

Age 1 −0.262 0.083 −0.274 0.069
BMI 2 −0.349 0.058 −0.304 0.102
ASA 3 1.467 0.480 1.339 0.512

Time-to-surgery 1 0.219 0.168 0.223 0.162
Time-after-surgery 2 −0.102 0.520 −0.026 0.872

Number of medications 2 −0.128 0.455 −0.122 0.477
1 Pearson correlation coefficient; 2 Spearman correlation coefficient; 3 Kruskal–Wallis H-test.

4. Discussion

The main finding of this study is that most patients showed a complex rupture pattern
with the involvement of different subtendons via MRI. Concomitant knee injuries were
common, as well as pre-existing tendinosis. Patient-related characteristics and individual
radiologic rupture patterns did not significantly affect the clinical outcome of patients
having surgical treatment for QTR. Re-ruptures were more frequently found in male
patients without prior MRI diagnostics.

Most patients in this study showed multiple ruptures of the quadriceps´ subten-
dons compared to only single-tendon ruptures. When compared to previous studies,
Falkowski et al. found 183 subtendon ruptures (RF, VM, VL and VI) via 52 MRIs when two
radiologists independently evaluated the ruptures [13]. Our study is in concordance with
the finding that the superficial quadriceps tendon layer (RF) is more frequently affected
than the middle and deep layers [13]. Furthermore, complete ruptures were more often
found than partial ruptures on the evaluated MRI images. One must keep in mind that
only surgically treated QTRs were included in the study, while conservative therapy may
have been used for partial ruptures.

The most common rupture location found was 1–2 cm above the insertion at the
patella [19]. Most QTRs in this study occurred close to the patella, which is also in line
with other studies describing 84.8–93.6% of ruptures as being close to the patella [13]. A
possible reason for this common site of rupture was described by Petersen et al. in 1999,
as there is an approximately 30 × 15 mm oval vessel-free area about 10 mm above the
patella on the quadriceps tendon [19]. In this study, rupture location and retraction distance
did not significantly affect the patient-related outcome. Interestingly, the re-rupture rate
was found to be 11% in the study population compared to studies including younger
patients with reported re-rupture rates of 2% [2]. Oliva et al. also described 9% re-ruptures
in a systematic review on complex QTR [14]. This finding may emphasize the need to
identify previously described risk factors which can be addressed during surgery such
as osteophytes near the patella pole or pre-existing tendinosis. Therefore, proper rim
preparation and debridement of the proximal patellar pole and tendon stumps before
refixation may be crucial to assure proper blood supply and provide proper conditions
for tendon healing. As recent research found that women (61%) are more likely to have
tendinopathy compared with men (34%), surgeons should pay special attention to tendon
debridement in older female patients [12]. The reported results in this study indicate that
MRI diagnostics can be useful for better identifying those individual factors and providing
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the best possible surgical planning as pre-existing tendinosis was frequently found in the
examined, completely ruptured subtendons. For this reason, MRI diagnosis in QTR was
considered to be the gold-standard diagnostic examination in the recent literature as the rate
of clinical misdiagnosis ranges from 10% to 50% when compared with other radiological
procedures such as ultrasonography [8]. Missing or underestimating the degenerative
tendon changes during surgery may contribute to re-rupture. Therefore, when tendinosis
is present in MRI, an end to end suture alone cannot be recommended in primary repairs
in these cases. Nevertheless, the role of tendinosis as risk factor for QTR is not fully
understood in older patients. While tendinopathy usually occurs in younger patients
due to chronic eccentric tendon overload, there is limited literature that focuses directly
on quadriceps tendinopathy mainly caused by microvascular damage due to systemic or
local co-morbidities and medication interfering with tendon remodeling [6,20]. Pope et al.
reported medical comorbidities such as renal disease and diabetes mellitus as causes of
the pathologic degeneration of tendons [21]. There is evidence that the hypovascularity of
tendons has been associated with progressive degeneration and subsequent rupture [22].
However, on the other hand, histological examinations conducted on chronic tendinopathy
samples found many large blood vessels which were described as an ‘angiofibroblastic’
response [23].

There is a paucity of data regarding concomitant injuries in QTR. In the study by
McKinney et al., 10% of patients investigated with QTR had concomitant intraarticular
knee injuries, especially in high-energy trauma [24]. The anterior cruciate ligament, the
medial meniscus, and the lateral meniscus were most often involved [24]. The analysis of
rupture patterns in this study showed that QTR can be complex and highly variable. Since a
high load of energy is needed to rupture the QT, it seems possible that concomitant injuries
may occur. As eccentric quadriceps contraction is a typical injury mechanism for QTR,
the found partial ACL/PCL injuries in this study may be considered as acute concomitant
injuries due to the hyperextension of the knee joint. Concerning the significant number
of meniscal lesions in this study, it remains unclear as to whether these were pre-existing
degenerative lesions or acute injuries. Nevertheless, it is interesting that meniscal lesions
were only found in combination with complete ruptures of the QTR in this study. As
concomitant injuries showed no significant effect on clinical outcome after QTR, further
studies are needed to evaluate whether the additional treatment of concomitant injuries
might improve long-term outcomes.

Regarding patient-related characteristics, no influence on the clinical outcome was
found in this study. In accordance with this study, Garner et al. also described a mean
age of 61 years for patients with QTR [25]. Obesity has also been reported in the liter-
ature as a risk factor for QTR [26]. Demonstrated patients’ characteristics in this study
indicate worse, even though not statistically significant, clinical outcomes for those with
obesity. Advanced age and obesity have already been associated in the literature with an
increased risk of rupture due to fatty degenerative changes, loss of collagen and tendon
calcification [8]. In these conditions, MRI can provide additional information about tendon
quality and muscular atrophy [14]. This detailed information can be helpful for surgeons to
choose the best possible strategies for tendon debridement and refixation in an older and
overweight population.

Similar to this study, Rao et al. found time-to-surgery did not significantly affect
clinical outcome in QTR [27]. Their study included 38 patients and compared the clinical
outcome when surgery was performed within 7 days or 14 days [27], as compared to
studies demonstrating inferior results after 3 weeks [25]. According to Arnold et al.,
delayed surgical intervention may lead to regression and atrophy of the quadriceps muscle.
Outcomes of surgical repair or reconstruction may not be predictable for patients with
chronic QTR and substantial fatty muscle infiltration [8]. Therefore, in cases of chronic
tears, MRI can be a valuable tool in the assessment of fatty muscular atrophy and tendon
retraction. However, further studies are needed to assess the role of muscular atrophy
found via MRI on outcomes in these patients.
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In the study by Boudissa et al., the Lysholm score including 50 knees after QTR
averaged 93.7 [28]. Rao et al. studied 38 patients under 40 years of age with QTR and came
up with a mean Lysholm score of 85.4 [27]. The outcome results for the evaluated middle-
aged to older population in this study were similar with a Lysholm score of 84.2 (±16.1).
Strikingly, there is a good clinical outcome in several studies after surgical treatment of
QTR, although it has been shown to be a complex injury occurring in middle-aged to
older patients with considerable risk factors [2]. Concerning the long-term outcome, recent
studies have shown that up to 97% of working-age patients were able to return to work
without reassignment after QTR. The authors cite direct, accurate diagnosis and surgical
therapy with intensive rehabilitation as reasons for the good clinical outcomes [28]. Rao et al.
reported a 63% return-to-play rate in 19 athletes under 40 years of age who had competed
to varying degrees [27].

There was no difference in IKDC or Lysholm score between the different surgical
techniques in this study population. Similar results have been previously described by
Plesser et al. in a smaller group of patients comparing transosseous refixation to suture
anchors [15].

Limitations

The study has several limitations. Firstly, it is a retrospective study with several
important limitations in comparison to a prospective study setting. Investigators depend
on the availability and accuracy of the medical records. Therefore, the study population is
subject to selection bias because of the excluded cases due to insufficient medical records.
The involvement of different healthcare professionals in patient care may also contribute to
less accuracy and consistency in the measurement of risk factors and outcome(s) throughout
the study than that achieved with a prospective cohort study.

Secondly, it was conducted in a single center without a control group. There was no
independently, randomized image review which could have introduced a reporting bias.
As the study period of 20 years was quite long, the images were acquired with two different
scanners over time which might have contributed to a bias in image interpretation. The
number of retrospectively obtained IKDC and Lysholm scores is small compared to the
larger total sample, and no preoperative PROMS were available. However, it has to be
considered that primary QTR is a rare injury and this study examined a relatively large
number of patients compared with previous investigations. No strength or function tests
were performed to evaluate an objective clinical outcome. Nevertheless, this study covers a
long follow-up period with standardized MRI imaging as well as surgical procedures.

5. Conclusions

Acute QTRs are complex injuries with common involvement of multiple subtendons.
MRI imaging can be useful for achieving an accurate diagnosis since pre-existing tendinosis
as well as concomitant injuries are common. Despite good clinical outcomes after refixation,
these factors should be considered prior to surgery to prevent re-rupture. Preoperative
MRI evaluation might also be useful in providing an individual surgical strategy and to
improve outcomes.

Author Contributions: Conceptualization, M.G. and K.L.; methodology, M.G. and K.L.; software,
K.L. and J.R. (Justus Rudolph); validation, M.G. and K.L.; formal analysis, M.G. and H.J.B.; inves-
tigation, J.R. (Justus Rudolph) and K.L.; data curation, J.R. (Justus Rudolph), K.L., M.G. and M.M.;
writing—original draft preparation, K.L., M.G. and P.S.; writing—review and editing, K.L., J.R. (Justus
Rudolph), M.S., M.W., J.R. (Johannes Rüther), P.S., H.J.B., M.M. and M.G.; visualization, K.L. and J.R.
(Justus Rudolph); supervision, M.G.; project administration, K.L. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.



J. Pers. Med. 2023, 13, 364 10 of 11

Institutional Review Board Statement: The Institutional Review Board of Paracelsus Medical Uni-
versity stated that this study was conducted according to the guidelines of the Declaration of Helsinki.
They approved this study (protocol code IRB-2022-007) on 31 March 2022.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Deopujari, S.; Kiel, J. Knee Extensor Mechanism Injuries. Trauma. Inj. Knee 2013, 77–86. [CrossRef]
2. Ciriello, V.; Gudipati, S.; Tosounidis, T.; Soucacos, P.N.; Giannoudis, P.V. Clinical Outcomes after Repair of Quadriceps Tendon

Rupture: A Systematic Review. Injury 2012, 43, 1931–1938. [CrossRef]
3. Clayton, R.A.E.; Court-Brown, C.M. The Epidemiology of Musculoskeletal Tendinous and Ligamentous Injuries. Injury 2008,

39, 1338–1344. [CrossRef]
4. Ochman, S.; Langer, M.; Petersen, W.; Meffert, R.H.; Tillmann, B.; Raschke, M.J. Quadrizepssehnenruptur: Diagnostik Und

Therapie Einer Seltenen Verletzung. Unfallchirurg 2005, 108, 436–444. [CrossRef] [PubMed]
5. Grecomoro, G.; Camarda, L.; Martorana, U. Simultaneous Chronic Rupture of Quadriceps Tendon and Contra-Lateral Patellar

Tendon in a Patient Affected by Tertiary Hyperparatiroidism. J. Orthop. Traumatol. 2008, 9, 159–162. [CrossRef]
6. King, D.; Yakubek, G.; Chughtai, M.; Khlopas, A.; Saluan, P.; Mont, M.A.; Genin, J. Quadriceps Tendinopathy: A Review-Part 1:

Epidemiology and Diagnosis. Ann. Transl. Med. 2019, 7, 71. [CrossRef] [PubMed]
7. Ilan, D.I.; Tejwani, N.; Keschner, M.; Leibman, M. Quadriceps Tendon Rupture. J. Am. Acad. Orthop. Surg. 2003, 11, 192–200.

[CrossRef] [PubMed]
8. Arnold, E.P.; Sedgewick, J.A.; Wortman, R.J.; Stamm, M.A.; Mulcahey, M.K. Acute Quadriceps Tendon Rupture: Presentation,

Diagnosis, and Management. JBJS Rev. 2022, 10, e21. [CrossRef]
9. Zeiss, J.; Saddemi, S.; Ebraheim, N. MR Imaging of Quadrizeps Tendon: Normal Layered Configuration and Its Impartance in

Cases of Tendon Rupture. Am. J. Roentgenol. 1992, 159, 1031–1034. [CrossRef]
10. Waligora, A.C.; Johanson, N.A.; Hirsch, B.E. Clinical Anatomy of the Quadriceps Femoris and Extensor Apparatus of the Knee.

Clin. Orthop. Relat. Res. 2009, 467, 3297–3306. [CrossRef]
11. Foley, R.; Fessell, D.; Yablon, C.; Nadig, J.; Brandon, C.; Jacobson, J. Sonography of Traumatic Quadriceps Tendon Tears with

Surgical Correlation. J. Ultrasound. Med. 2015, 34, 805–810. [CrossRef]
12. Elattar, O.; McBeth, Z.; Curry, E.J.; Parisien, R.L.; Galvin, J.W.; Li, X. Management of Chronic Quadriceps Tendon Rupture: A

Critical Analysis Review. JBJS Rev. 2021, 9, e20. [CrossRef] [PubMed]
13. Falkowski, A.L.; Jacobson, J.A.; Hirschmann, M.T.; Kalia, V. MR Imaging of the Quadriceps Femoris Tendon: Distal Tear

Characterization and Clinical Significance of Rupture Types. Eur. Radiol. 2021, 31, 7674–7683. [CrossRef]
14. Oliva, F.; Marsilio, E.; Migliorini, F.; Maffulli, N. Complex Ruptures of the Quadriceps Tendon: A Systematic Review of Surgical

Procedures and Outcomes. J. Orthop. Surg. Res. 2021, 16, 1–19. [CrossRef]
15. Hasenoehrl, T.; Palma, S.; Keilani, M.; Reschl, M.; Vekszler, G.; Ambrozy, C.; Plesser, S.; Hajdu, S.; Crevenna, R.; Widhalm, H.K.

Gait Analysis and Body Composition after Treatment of Quadriceps Tendon Ruptures Showed Equal Results Independent of
Suture Anchor or Transosseus Repair Technique Used: A Pilot Study. Disabil. Rehabil. 2020, 42, 3833–3837. [CrossRef] [PubMed]

16. Ellanti, P.; Moriarty, A.; Nagle, M.; McCarthy, T. Outcomes after Quadriceps Tendon Repair in Patients over 80 Years of Age.
Muscles Ligaments Tendons J. 2016, 6, 224–227. [CrossRef] [PubMed]

17. Irrgang, J.J.; Anderson, A.F.; Boland, A.L.; Harner, C.D.; Kurosaka, M.; Neyret, P.; Richmond, J.C.; Shelborne, K.D. Development
and Validation of the International Knee Documentation Committee Subjective Knee Form. Am. J. Sport. Med. 2001, 29, 600–613.
[CrossRef] [PubMed]

18. Barber-Westin, S.D.; Noyes, F.R. Chapter 46—Rating of Athletic and Daily Functional Activities after Knee Injuries and Operative
Procedures. In Noyes’ Knee Disorders: Surgery, Rehabilitation, Clinical Outcomes; Noyes, F.R., Barber-Westin, S.D., Eds.; W.B.
Saunders: Philadelphia, PA, USA, 2010; pp. e48–e56. ISBN 978-1-4160-5474-0.

19. Petersen, W.; Stein, V.; Tillmann, B. Blutgefäßversorgung Der Quadrizepssehne. Unfallchirurg 1999, 102, 543–547. [CrossRef]
20. Sendzik, J.; Lode, H.; Stahlmann, R. Quinolone-Induced Arthropathy: An Update Focusing on New Mechanistic and Clinical

Data. Int. J. Antimicrob. Agents 2009, 33, 194–200. [CrossRef]
21. Petersen, W.; Bierke, S.; Häner, M. Quadrizepssehnenruptur. Orthopade 2021, 50, 959–967. [CrossRef]
22. Frey, C.; Shereff, M.; Greenidge, N. Vascularity of the Posterior Tibial Tendon. J. Bone Jt. Surg. Am. 1990, 72, 884–888. [CrossRef]
23. Yu, J.S.; Popp, J.E.; Kaeding, C.C.; Lucas, J. Correlation of MR Imaging and Pathologic Findings in Athletes Undergoing Surgery

for Chronic Patellar Tendinitis. AJR Am. J. Roentgenol. 1995, 165, 115–118. [CrossRef]
24. McKinney, B.; Cherney, S.; Penna, J. Intra-Articular Knee Injuries in Patients with Knee Extensor Mechanism Ruptures. Knee Surg.

Sport. Traumatol. Arthrosc. 2008, 16, 633–638. [CrossRef]
25. Garner, M.R.; Gausden, E.; Berkes, M.B.; Nguyen, J.T.; Lorich, D.G. Extensor Mechanism Injuries of the Knee: Demographic

Characteristics and Comorbidities from a Review of 726 Patient Records. JBJS 2015, 97, 1592–1596. [CrossRef]

http://doi.org/10.1007/978-88-470-5298-7_8
http://doi.org/10.1016/j.injury.2012.08.044
http://doi.org/10.1016/j.injury.2008.06.021
http://doi.org/10.1007/s00113-005-0957-5
http://www.ncbi.nlm.nih.gov/pubmed/15931530
http://doi.org/10.1007/s10195-008-0002-x
http://doi.org/10.21037/atm.2019.01.58
http://www.ncbi.nlm.nih.gov/pubmed/30963066
http://doi.org/10.5435/00124635-200305000-00006
http://www.ncbi.nlm.nih.gov/pubmed/12828449
http://doi.org/10.2106/JBJS.RVW.21.00171
http://doi.org/10.2214/ajr.159.5.1414770
http://doi.org/10.1007/s11999-009-1052-y
http://doi.org/10.7863/ultra.34.5.805
http://doi.org/10.2106/JBJS.RVW.20.00096
http://www.ncbi.nlm.nih.gov/pubmed/33956669
http://doi.org/10.1007/s00330-021-07912-y
http://doi.org/10.1186/s13018-021-02696-9
http://doi.org/10.1080/09638288.2019.1611951
http://www.ncbi.nlm.nih.gov/pubmed/31068013
http://doi.org/10.32098/mltj.02.2016.09
http://www.ncbi.nlm.nih.gov/pubmed/27900296
http://doi.org/10.1177/03635465010290051301
http://www.ncbi.nlm.nih.gov/pubmed/11573919
http://doi.org/10.1007/s001130050448
http://doi.org/10.1016/j.ijantimicag.2008.08.004
http://doi.org/10.1007/s00132-021-04178-6
http://doi.org/10.2106/00004623-199072060-00014
http://doi.org/10.2214/ajr.165.1.7785569
http://doi.org/10.1007/s00167-008-0516-z
http://doi.org/10.2106/JBJS.O.00113


J. Pers. Med. 2023, 13, 364 11 of 11

26. Tandogan, R.N.; Terzi, E.; Gomez-Barrena, E.; Violante, B.; Kayaalp, A. Extensor Mechanism Ruptures. EFORT Open Rev. 2022,
7, 384–395. [CrossRef] [PubMed]

27. Rao, S.; Johnson, E.E.; D’Amore, T.; Szeto, S.; Otlans, P.; Cohen, S.B. Outcomes After Repair of Quadriceps Tendon Rupture in
Patients Aged 40 Years and Younger. Orthop. J. Sport. Med. 2022, 10, 1–7. [CrossRef] [PubMed]

28. Boudissa, M.; Roudet, A.; Rubens-Duval, B.; Chaussard, C.; Saragaglia, D. Acute Quadriceps Tendon Ruptures: A Series of
50knees with an Average Follow-up of More than 6 Years. Orthop. Traumatol. Surg. Res. 2014, 100, 217–220. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1530/EOR-22-0021
http://www.ncbi.nlm.nih.gov/pubmed/35638613
http://doi.org/10.1177/23259671221097107
http://www.ncbi.nlm.nih.gov/pubmed/35615753
http://doi.org/10.1016/j.otsr.2013.09.014
http://www.ncbi.nlm.nih.gov/pubmed/24529850

	Introduction 
	Materials and Methods 
	Study Population 
	Diagnosis and Surgical Treatment 
	Evaluation of Preoperative MRI 
	Patient Related Data and PROMS 
	Statistical Analysis 

	Results 
	Demographic Data and Patients’ Characteristics 
	Quadriceps Tendon Rupture Patterns 
	Concomitant Injuries Found in Patients with Quadriceps Tendon Ruptures 
	Evaluation of PROMS after Refixation of Quadriceps Tendon Ruptures 

	Discussion 
	Conclusions 
	References

