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Background: Patellar tendon ruptures are infrequent but disabling injuries. Surgical treatment is the gold standard to obtain good
outcomes, and numerous techniques have been described. Biomechanical studies report better results when augmented tech-
niques are used. However, there is a lack of consensus regarding the best standard technique.

Purpose/Hypothesis: The purpose of this study was to assess a cohort of patients with acute patellar tendon rupture that was
surgically treated and to compare the clinical outcomes of 2 groups: isolated repair and biological augmentation techniques with
autograft or allograft. It was hypothesized that the biological augmentation group would have better clinical outcomes than the
isolated repair group.

Study Design: Cohort study; Level of evidence, 3.

Methods: All patients with acute patellar tendon rupture surgically treated in our center between 2016 and 2022 were retrospec-
tively reviewed. Patient and rupture characteristics, surgical technique, clinical outcomes, and complications were recorded. The
primary outcome was rerupture rate, and secondary outcomes were infection rate, stiffness >15° of knee flexion deficit, and
extensor mechanism lag >5°.

Results: The study included 34 patients with 36 operated knees (2 patients with bilateral rupture). The mean age was 44.9 years.
Isolated repair was performed in 20 knees (55.6%), and 16 knees underwent repair and biological augmentation with autograft or
allograft. Both groups were comparable in terms of their demographic characteristics. A statistically significant association was
found between the type of surgery and tendon rerupture. Of the patients in the isolated repair group, 5 of 20 (25%) experienced
a failure, whereas in the biological augmentation group, no reruptures were recorded (P = .031). However, no statistically signif-
icant associations were found between the type of surgery and other complications, such as the development of stiffness (P =
.54), residual extension lag >5° (P = .87), or the development of infection (P = .25).

Conclusion: In this cohort of patients, biological augmentation reduced the rate of surgical failure for acute patellar tendon rup-
ture without being associated with a higher risk of complications such as stiffness, residual extension lag, or the development of
infection.
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Patellar tendon injuries are infrequent yet can be debilitat-
ing due to the loss of active knee extension.?! The incidence
of this injury has been estimated to be 0.68 out of 100,000
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per year'? and it has a marked male predominance, with
men calculated to be 6 times more likely than women to
experience patellar tendon injury.?® Patellar tendon rup-
tures (PTRs) are typically sustained after forceful and sud-
den quadriceps contraction with the knee in a flexed
position,?6-2946:50 commonly in a previously damaged ten-
don due to repetitive microtrauma, systemic comorbidity,
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or corticosteroid local injections.>246:50 Inferior patellar
pole ruptures are the most common type of PTR, followed
by midsubstance and distal patellar tendon insertion at
the tibial tuberosity.2%26:2°

Surgical treatment has been advocated as the gold stan-
dard treatment for this kind of injury to regain knee exten-
sion and good clinical and functional outcomes.?! In 1999,
Marder and Timmerman®’ described excellent results
using the classic PTR repair, which consists of 3 parallel
vertical tunnels on the patella, reinforced by Krackow
sutures on the patellar tendon. One problem this technique
has faced is rerupture, which has been reported in 2% to
50% of cases.2"®” Many authors have proposed novel aug-
mentation techniques to increase the load to failure and
diminish the gap formation, aiming to optimize the clinical
results and enabling more aggressive rehabilitation proto-
cols.>®2257 These augmentation techniques can be divided
into nonbiological (cerclage wires, nonabsorbable sutures,
suture tapes, or synthetic ligaments, to name a few) and
biological (autografts and allografts'®5%®7). Biomechanical
studies have reported less gap formation with the use of an
augmentation technique compared with no augmentation,
and some have reported significant results regarding load
to failure.>22294548 Some recommendations have been
proposed, like the ones provided by Gilmore et al?! in their
systematic review of the literature, suggesting that acute
tendon repair and augmentation surgery achieve better
postoperative outcomes and recommending the use of auto-
grafts in poor quality and scarred tendons. However, to
date, there is a lack of consensus regarding which tech-
nique to use and when to use it'*!%?° and a paucity of clin-
ical evidence comparing the classic transosseous PTR
repair with augmentation techniques.

The objective of the present study was to present a series
of acute PTR repairs in 1 level I trauma center and com-
pare the clinical outcomes of 2 groups: classic repair versus
biological augmentation with autografts or allografts. We
hypothesized that the biological augmentation group
would have better clinical outcomes than the isolated
repair group.

METHODS

A nonconcurrent cohort study was conducted on patients
with acute PTR, aged >18 years, who were treated and
underwent surgery in a level I trauma center. The patients
admitted to our center use workers’ compensation insur-
ance, and thus no patients are lost to follow-up due to
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causes other than death. Patients who have complications
are immediately referred to our institution for inpatient or
outpatient care. We retrospectively reviewed medical
records of patients who underwent surgery between 2016
and 2022. The follow-up period was defined as the period
between index surgery and the last outpatient clinic visit
with a knee surgery fellowship—trained orthopaedic sur-
geon in our institution in the period defined above. The
study excluded patients with total knee replacement—asso-
ciated injuries, knee fractures requiring osteosynthesis,
>42 days between injury and surgery, neurological inju-
ries preventing active mobilization of the operated limb,
nonbiological augmented repairs, and follow-up less than
the defined minimum period of 9 months. We defined 9
months as a safe period to identify a rerupture and other
complications and as a sufficient time before outpatient
visits are more spaced between appointments (yearly or
biyearly). All the surgeries were performed by 5 surgeons
of our unit with subspecialty training (fellowship) in knee
surgery (including R.O., J.I.L., N.F., and P.I.). The number
of surgeries per specialist varied from 11 procedures by the
1 surgeon who performed the most surgeries to 5 interven-
tions by the 2 surgeons who performed the least surgeries.
All patients provided informed consent for the use of their
data for research, and the study was approved by the eth-
ical board in advance (internal code CEC 01/2024).

The definition of acute PTR varies in the literature; how-
ever, several studies have temporally defined it as cases in
which surgical resolution is performed within 6 weeks from
the date of rupture with adequate tissue remnant.’-334250
This is the definition we used for the current research.

Patients were assigned to one of two treatment groups
based on the surgeon’s preference: (1) isolated repair,
either end-to-end or reinsertion into the patella using
transosseous tunnels or anchors and; (2) repair with bio-
logical augmentation (autograft or allograft) in cases
where poor tendon quality with highly irregular edges
and ends was observed, using any of the techniques
described in the first group.

End-to-end repair was performed using Krackow
sutures with high-strength Fiberwire No. 2 (Arthrex) or
Ultrabraid No. 2 (Smith+Nephew). In cases of reinsertion,
the procedure was conducted with high-strength Fiberwire
No. 2 or Ultrabraid No. 2 sutures and Krackow-type
stitches at the tendon end and 3 transosseous tunnels or
with two 5.0-mm titanium Corkscrew anchors (Arthrex).
The decision on the type of repair was made by each sur-
geon based on the location of the rupture and macroscopic
tendon quality.
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TABLE 1
Patient Characteristics®

Characteristic All Patients Isolated Repair Repair + Augmentation
Age, y 4494 + 12.76 42.2 + 12.55 48.4 + 12.59
Sex
Male 32 (94.12) 18 (94.74) 14 (93.33)
Female 2 (5.88) 1 (5.26) 1(6.67)
P=.86
Side®
Right 21 (58.33) 11 (55) 10 (62.5)
Left 15 (41.67) 9 (45) 6 (37.5)
Medical history” 15 (44.12), P = .33 7 (36.84) 8 (53.33)
Hypertension® 8(23.53),P = .4 2 (10.53) 6 (40)
Rheumatoid arthritis® 2 (5.88), P = .10 0 (0) 2 (13.33)
Other® 6(17.65), P = .13 5 (26.32) 1(6.67)
Smoker® 11 (32.35), P = .91 6 (31.58) 5(33.33)
BMI, kg/m? 28.18 + 3.6, P = .33 27.62 + 3.5 28.86 + 3.71
Obesity (BMI > 30 kg/m?)° 10 (29.4), P = .73 5 (27.78) 5(33.33)
Time to surgery, d° 12.97 = 9.58, P = .16 11.2 = 10.06 15.18 + 9.79
Follow-up, mo, mean (range) 25.4 (10-83), P = .45 29.9 (12-83) 20 (10-43)
Total® 36 20 16

“Data are expressed as mean * SD or n (%), unless otherwise noted. Age and sex refer to the patients; the rest are data corresponding to
the operated knees. Medical history refers to the patients’ morbid conditions reported at the time of each patient’s admission for surgery.
P values are provided for comparison between groups. BMI, body mass index.

bRefers to operated knees.

The augmentation was performed using an autograft
(either semitendinosus or semitendinosus and/or gracilis
[STG]) or allograft (posterior tibial tendon [PTT]) by pass-
ing a figure-of-8 loop through the patellar transverse tun-
nel and the anterior tibial tuberosity using the modified
Ecker'® technique described by Sundararajan.’? In any of
the augmentation alternatives, the loop was knotted on
itself once the tendon reinsertion was completed. Patients
were weightbearing with an articulated knee brace in full
extension until suture removal, and then a progressive
passive range of motion was initiated until full passive
range was achieved at 6 weeks, followed by brace discon-
tinuation. All patients received supervised physical ther-
apy from a physical therapist 2 to 5 times per week
according to the institutional protocol for a minimum of
20 sessions. Physical therapy involved immobilization
with a brace, isometric exercises, and partial weightbear-
ing on the limb with 2 walking aids for 3 weeks. Subse-
quently, a gradual increase in flexion of the operated
knee was allowed, aiming to achieve 90° of flexion by 6
weeks after surgery with limb loading based on patient tol-
erance. After 6 weeks, full range of motion and unre-
stricted weightbearing were allowed.

Repair failure was defined as postoperative loss of the
patient’s ability to perform active knee extension associated
with a radiographic image showing an increase in patellar
height compared with a previous postoperative radiograph
or a magnetic resonance imaging scan consistent with
rerupture of the repaired tendon. Extension lag was defined
as the loss of range of motion, measured in degrees, com-
pared with the nonoperated side (or the preoperative range
of motion of the unaffected extremity). Approval was
obtained from the scientific ethics committee for this study.

We collected data on demographic characteristics of the
patients, their injury (laterality, lesion location, time from
injury to surgery), the surgery (surgical technique used,
type of graft), and postoperative follow-up results (rerup-
ture and time from index surgery, need for new surgeries
and type of surgery, presence and quantification of exten-
sion lag in degrees, follow-up time).

All statistical analyses were performed using Stata 17
(StataCorp). No sample size was calculated given the
nature of this study. Assessment for normality was per-
formed with the Shapiro-Wilk test. For comparisons
between continuous variables, unpaired ¢ test was per-
formed. We performed a chi-square test for comparison of
categorical variables and a Pearson correlation test for cor-
relation between continuous and categorical variables. We
calculated odds ratios with their respective confidence inter-
vals for measure of association. A significance level of P <
.05 was set to designate statistical significance.

RESULTS

A total of 36 patients with 38 PTRs who underwent sur-
gery met inclusion criteria (2 patients with bilateral
PTRs). After exclusion criteria were applied, 34 patients
(36 PTRs) were enrolled in this study, of whom 32 were
male (94.12%) (2/36 patients were excluded because they
had repairs with both biological and nonbiological augmen-
tation). The mean = SD age was 44.9 = 12.76 years, and
the mean body mass index (BMI) was 28.2 + 3.6 kg/m?,
with 10 patients (29.4%) classified as obese (BMI > 30
kg/m?). Fifteen patients (44.12%) had at least 1 comorbid-
ity, with arterial hypertension being the most frequent in
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TABLE 2
Isolated Repair Group”

Characteristic Value
Age, y 42.2 = 12.55
Type of repair

End-to-end 3/20 (15)

Reinsertion using transosseous sutures 15/20 (75)

Reinsertion using anchor 2/20 (10)
Failure by type of repair

End-to-end 2/3 (66.7)

Reinsertion using transosseous tunnels 3/15 (20)

Reinsertion using anchor 0/2 (0)
Total failures 5/20 (25)
Time to failure, wk 10.8 = 3.03
Mean follow-up, mo (range) 29.9 (12-83)

“Data are expressed as mean * SD or n/N (%), unless otherwise
noted.

TABLE 3
Repair + Biological Augmentation Group®

Characteristic Value
Age, y 48.4 + 12.59
Type of repair

End-to-end 7/16 (43.8)

Reinsertion using transosseous tunnels 5/16 (31.3)

Reinsertion using anchor 4/16 (25)
Type of biological augmentation

Autograft (semitendinosus) 2/16 (12.5)

Autograft (semitendinosus and/or gracilis) 4/16 (25)

Allograft (posterior tibial) 10/16 (62.5)
Total failures 0/16 (0)
Follow-up, mo, mean (range) 20 (10-43)

“Data are expressed as mean * SD or n/N (%), unless otherwise
noted.

TABLE 4
Results and complications of each group according
to the type of repair used®

Isolated  Repair +

Repair Augmentation Chi-Square P
Rerupture 5 (25) 0(0) .031°
Infection 0 (0) 1(6.3) .25
Stiffness 4 (20) 2 (12.5) .54
Extension lag >5° 1(5) 1(6.3) .87

(excluding reruptures)

Total 20 16 36 knees

“Data are expressed as n (%).
bAchieved statistical significance.

8 patients (23.53%). In 21 knees (568.33%), the injury was
on the right side, and in 15 (41.67%) it was on the left
side. Mean follow-up was 25.4 *= 18.8 months (Table 1).
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The most frequently described mechanism of rupture
was a ground-level fall in 10 cases, followed by motorcycle
accidents and sports-related (soccer) incidents, each with 6
ruptures.

An isolated repair was performed in 20 knees, and in 16
knees, a repair with augmentation was performed. Mean
follow-up was 29.9 + 22.8 months for the isolated repair
group and 20 * 10.28 months for the repair + augmenta-
tion group. Both groups (isolated repair and repair with
some form of biological augmentation) were comparable
in terms of their demographic characteristics, with no sta-
tistically significant differences in any of the variables.

In the isolated repair group, 20 knees were included,
consisting of 3 end-to-end tendon repairs, 15 reinsertions
using transosseous suture, and 2 reinsertions using bone
anchors. Two end-to-end repairs failed (both diagnosed
by magnetic resonance imaging), whereas in the transoss-
eous reinsertion subgroup, rerupture was observed in 3
reinsertions (the 3 cases were clinically diagnosed and con-
firmed by radiographs). Upon reviewing the causes of
rerupture, we found that rerupture occurred secondary to
a fall at ground level in 2 cases and direct knee contusion
in a domestic accident in 1 case. In the other 2 cases, the
diagnosis was made clinically during a medical follow-up,
without the patient reporting a traumatic cause. Mean
time from surgery to failure was 10.8 weeks (Table 2).

In the repair with augmentation group, 16 knees were
included, consisting of 7 end-to-end tendon repairs, 5
transosseous sutures reinsertions, and 4 reinsertions using
bone anchors. Augmentation was performed with autolo-
gous semitendinosus tendon in 2 knees, semitendinosus
and/or gracilis autografts were used in 4 knees, and poste-
rior tibialis allograft was used in 10 knees. No failures
were observed in the augmentation group (Table 3).

When evaluating surgery type (with or without augmen-
tation), we found a statistically significant association with
rerupture (P = .031). This association led to an odds ratio
of 11.7 (95% CI, 0.59-229.8; P = .1). Although this association
was significant, its odds ratio did not reach statistical signif-
icance, probably because of the design of this study. No infec-
tions occurred in the isolated repair group, while there was
one episode of infection in the augmentation group. Addition-
ally, there were four cases of stiffness in the isolated repair
group compared to two in the augmentation group. No asso-
ciation was observed between surgery type and the develop-
ment of infection (P = .25), stiffness >15° of flexion deficit (P
= .54), or extension lag >5° (P = .87) (Table 4).

DISCUSSION

This retrospective nonconcurrent cohort study showed that
acute PTR repair associated with biological augmentation
using autografts or allografts was significantly associated
with a reduced risk of tendon rerupture. We did not find
significant differences in complications such as infection
rate, residual extension lag >5°, or stiffness >15° of flexion
deficit between the 2 compared groups.

Compared with previous studies,?**? we observed
a slightly higher mean age (44.9 years) in our patient
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cohort but with a similar male predominance (94.1%) as
observed previously.'>*%%6 We also found an average over-
weight status with a mean BMI of 28.2 kg/m?, in line with
previous reports,?®?3 with 30.3% of patients falling within
the obesity range. Additionally, a high frequency of smok-
ers (32.4%, 33.3%) was noted. Because these variables
along with comorbidities were homogeneously distributed
between groups, we did not consider them as confounders.
The most frequently described mechanism in our series
was fall at ground level followed by motorcycle accident,
which is in line with the literature reporting that low-
energy indirect trauma is the most frequent mechanism
due to an eccentric contraction of the quadriceps muscle.??
In terms of the rerupture mechanism in the group of
patients with an isolated repair, we observed that it
involved low-energy traumatic mechanisms.

Surgical repair of the PTR, with or without augmenta-
tion, is considered the gold standard of treatment.?43652
Numerous repair techniques, including different configu-
rations of transosseous tunnels, reattachment with
anchors, end-to-end repair, or various combinations of
these techniques, have been described,’ many of them in
small series or case reports.

In 1999, Marder and Timmerman®’ reported their case
series of 15 patients (all athletes) surgically treated with
PTR repair using transosseous tunnels and an early reha-
bilitation protocol. Those authors described excellent clini-
cal and functional outcomes, with only 5° of flexion deficit,
no extension lag, and 12 patients returning to their previ-
ous level of activity. In contrast, suture anchor repair has
demonstrated similar or superior biomechanical properties
compared with the traditional technique of transosseous
repair.'®%° Bushnell et al” reported their experience of 13
years using anchor repair. After a mean follow-up of 29
months, those authors presented excellent results with
11 of 14 patients returning to their previous level of activ-
ities; the other 3 patients experienced rerupture (all asso-
ciated with noncooperating patients).

Recent literature has compared the outcomes of these dif-
ferent techniques. In a large retrospective study of 374 PTR
repairs (321 transosseous repairs and 53 anchor repairs),
ODowd et al*? stated that anchor repair of the patellar ten-
don led to significantly fewer reruptures in comparison with
the traditional transosseous technique (0% vs 7.5%, respec-
tively; P = .034). The infection rate was 1.6% for transosseous
repair and 7.5% for anchor repair (P = .160).

Regarding augmentation techniques, numerous meth-
ods have also been reported, including the use of autografts
or allografts® and synthetics.” In 1979, Ecker et al'® reported
their augmentation technique using the gracilis and semite-
ndinosus tendons and an encircling wire as supplementation,
with all their patients returning to their preinjury level. Hsu
et al?® reported good and excellent outcomes in 85.6% of their
patients, using primary repair with cerclage encircling aug-
mentation. Others like Carlson Strother et al® have proposed
allograft augmentation in certain situations like chronic

YReferences 15, 20, 28, 31, 34, 37, 38, 43, 51, 54.
*#References 8, 11, 16, 27, 29, 30, 35, 41, 55-57.
**References 2-4, 10, 13, 14, 17, 19, 40, 43, 44, 45, 47, 49.
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Figure 1. Augmentation performed using an autograft (sem-
itendinosus) by passing a figure-of-8 loop through the patel-
lar transverse tunnel and the anterior tibial tuberosity using
the technique described by Sundararajan et al.>?

injuries or poor tissue quality, reporting no extension lag
and significantly improved International Knee Documenta-
tion Committee and Tegner activity scores.

In 2013, Sundararajan et al®? described a novel augmen-
tation technique using detached figure-of-8 STG autograft,
reporting good International Knee Documentation Commit-
tee and excellent Lysholm and Kujala functional outcomes
in all their 7 patients. In our center, we have opted for this
technique (Figure 1), which is a modification of the technique
originally published by Ecker et al.*® In our cases, we have
chosen to use any of these autografts or allografts (PTT),
depending on tendon quality and allograft availability.

Our finding of a higher failure rate in the isolated repair
group may have been influenced by the predominance of
the technique using transosseous tunnels rather than
anchors. As described above, in their clinical work,
O’Dowd et al*? observed a lower rerupture rate of PTR
with use of anchors compared with transosseous tunnels
(0% vs 7.5%, respectively). In our study, we did not observe
failures in the patients who underwent isolated repair with
anchors; however, because there were only 2 such patients,
the sample was not sufficient to obtain any conclusive
results. Biomechanical cadaveric studies comparing the
use of anchors versus transosseous tunnels, such as those
by Bushnell et al® and Ettinger et al,'® noted significantly
less gap formation in the anchor groups when subjected to
cyclic loading. However, in these studies, the use of biolog-
ical augmentation in tunnel repair was not included. In
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our case, none of the 6 cases of repair with tunnels aug-
mented by graft presented rerupture.

Other studies have shown a decreased rate of rerupture
in patients with synthetics or biologic augmentation. Kasten
et al®? described 0 failures in 29 PTRs that entailed aug-
mentation with either a wire cerclage or 2-mm polydioxane
cord. A biomechanical study by Mihalko et al*® showed
a decreased gap formation with hamstring tendon autograft
augmentation at the repair site under a simulated dynamic
knee motion. Roudet et al*® reported very good long-term
clinical and radiological outcomes in acute augmentations
with hamstring, metal wire, or synthetic ligament. This
aligns with our findings of 0 reruptures in 8 patients with
end-to-end repair who underwent biological augmentation.

In terms of infections, no significant differences were
observed between the groups. No events of cutaneous necro-
sis or operative wound dehiscence were observed in either of
the 2 groups. No infections occurred in the isolated repair
group, and there was 1 infection episode in the augmentation
group, in a heavy smoker in whom STG autograft was used,
which was observed at 35 days after surgery. This was man-
aged with surgical debridement and subsequent superficial
negative wound pressure for 7 days, with no compromise of
the augmented repair observed. This low infection rate is
similar to what was observed by Kasten et al®? (1 in 29
repairs) and O'Dowd et al*? (2.4% in their series).

Regarding development of stiffness, although there
were 4 cases in the isolated repair group compared with 2
in the augmentation group, we did not find significant differ-
ences between the groups. None of the cases of stiffness devel-
opment entailed bilateral PTRs. All 4 knees with isolated
repair were treated using a transosseous tunnel technique,
whereas in the 2 knees with stiffness in the augmentation
group, 1 case involved repair with anchors and allograft
(PTT) and the other case involved tunnels in conjunction
with autograft (STG). Our results were similar to those
observed by Marder and Timmerman,®” who reported that
5 of 15 patients had a flexion deficit >10° in primary PTR
repair, and those observed by Hantes et al,2® who reported
that 27% of patients experienced reduced knee flexion. In
our study, all patients underwent postoperative physical ther-
apy; however, these results could be partly explained by a con-
servative rehabilitation protocol in our center.

Excluding cases that presented rerupture, we found 1
knee in each group with extension lag >5°, with no signif-
icant differences observed between both groups, resulting
in an overall rate of 5.6%6.1%. These numbers do not differ
from those reported by Carlson Strother et al® (9.3%), Rou-
det et al*® (8%), or Kasten et al®? (9%).

All these results suggest that despite the theoretical pos-
sibility that a biological augmentation of patellar tendon
repair could be more invasive and have higher surgical mor-
bidity compared with isolated repair in acute PTRs, biolog-
ical augmentation is not, in practice, associated with the
development of more immediate or midterm complications.

Limitations and Strengths

We identified several limitations in our study. First is our
study’s retrospective, noncontrolled, single-center nature.
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Additionally, due to the low prevalence of the injury, the
sample size was small, although similar in characteristics.
Second, we lacked patient-reported outcome scores and
radiological measurements, which would be desirable in
this type of research. Our study also posed strengths, such
as both groups being comparable in size and demographic
characteristics, standardization of the compared surgical
techniques, and postoperative management. Additionally,
our study is the first to directly compare isolated repair tech-
niques versus biological augmentation in acute PTRs, allow-
ing us to determine a reduction in the failure rate without
increasing adverse effects in biological augmentations.

CONCLUSION

Our findings suggested that biological augmentation
reduced the failure rate of acute PTR repairs without being
associated with increased immediate or midterm complica-
tions. Given these results, it appears necessary to conduct
randomized studies to confirm these findings or help estab-
lish causality in this association.
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