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ABSTRACT
Objective To prospectively evaluate 1-year clinical and
radiological outcomes after operative and non-operative
treatment of proximal hamstring tendon avulsions.
Methods Patients with an MRI-confirmed proximal
hamstring tendon avulsion were included. Operative
or non-operative treatment was selected by a shared
decision-making process. The primary outcome was
the Perth Hamstring Assessment Tool (PHAT) score.
Secondary outcome scores were Proximal Hamstring
Injury Questionnaire, EQ-5D-3L, Tegner Activity Scale,
return to sports, hamstring flexibility, isometric hamstring
strength and MRI findings including proximal continuity.
Results Twenty-six operative and 33 non-operative
patients with a median age of 51 (IQR: 37–57) and
49 (IQR: 45–56) years were included. Median time
between injury and initial visit was 12 (IQR 6–19) days
for operative and 21 (IQR 12–48) days for non-
operative patients (p=0.004). Baseline PHAT scores
were significantly lower in the operative group (32±16
vs 45±17, p=0.003). There was no difference in mean
PHAT score between groups at 1 year follow-up (80±19
vs 80±17, p=0.97). Mean PHAT score improved by
47 (95% CI 39 to 55, p<0.001) after operative and
34 (95% CI 27 to 41, p<0.001) after non-operative
treatment. There were no relevant differences in
secondary clinical outcome measures. Proximal continuity
on MRI was present in 20 (95%, 1 recurrence) operative
and 14 (52%, no recurrences) non-operative patients
(p=0.008).
Conclusion In a shared decision-making model of care,
both operative and non-operative treatment of proximal
hamstring tendon avulsions resulted in comparable
clinical outcome at 1-year follow-up. Operative patients
had lower pretreatment PHAT scores but improved
substantially to reach comparable PHAT scores as non-
operative patients. We recommend using this shared
decision model of care until evidence-based indications
in favour of either treatment option are available from
high-level clinical trials.

reported outcome measures, return to
patient-
sports (RTS) and strength.2–4 Yet, they highlight the
risk of bias as most studies are retrospective, and
there is a lack of data on non-operative outcome.
In a recent systematic review,2 less than 30 non-
operative patients were included compared with
more than 750 operative patients. As the comparison between treatments is limited, prospective data
are needed, especially on outcomes following non-
operative treatment.
In the absence of strong evidence, treatment
decision-making for these severe injuries remains
challenging. As little is known about non-operative
outcomes, and operative treatment carries risks
of complications, it is paramount to include
patients’ preferences in the decision-
making.
Shared decision-making is a collaborative process
in which patients and clinicians jointly establish
treatment plans that integrate clinical evidence and
patient preferences.6 It improves patient satisfaction and adherence through increased knowledge,
lower decisional conflict and greater likelihood of
receiving care aligned with patient values.7 8 In this
pragmatic study, we employed a shared decision-
making model.
Our objective was to prospectively evaluate
1-
year clinical and radiological outcomes after
operative and non-operative treatment of proximal
hamstring tendon avulsions. Our hypothesis was
that, in a shared decision-making model, operative
treatment results in superior clinical and radiological outcomes.

METHODS
Participants

Patients with a suspected proximal hamstring
tendon injury between October 2016 and August
2019 were screened. Eligibility criteria are shown
in box 1.

Shared decision making

INTRODUCTION

Proximal hamstring tendon avulsion injuries have
a substantial burden, compromising sports participation and the more physical aspects of daily
life.1–5 Systematic reviews report superior outcome
after operative treatment in terms of satisfaction,

Through a shared decision-making process with a
surgeon (GMMJK/RWP) or sports medicine physician (JLT) and physiotherapist (CV), operative or
non-operative treatment was chosen. All clinicians
involved have more than 10 years of experience in
muscle injury treatment. Key steps included choice
talk, option talk and decision talk.6 Patients were
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knee flexion and gradually (10° per week) progressed towards
full knee extension. A criteria-based rehabilitation programme
(online supplemental appendix B) was initiated as soon as the
knee brace was applied.

Eligibility criteria

Inclusion criteria

► Age ≥18 years.
► MRI-confirmed full-thickness injury of ≥1 proximal free

hamstring tendon(s).

Non-operative treatment

Exclusion criteria
► Contraindication to MRI.
► Previous full-thickness injury of ≥1 proximal free hamstring
tendon(s) in the same leg.
► Bony avulsion.
► Unwilling to participate or unable to give written informed
consent.
► Concurrent disease/injury that renders the patient unable to
follow the rehabilitation programme.

informed about the diagnosis and the choice between operative
or non-
operative treatment. Using visual aids, patients were
informed about anatomy, injury characteristics, advantages
operative treatment
and disadvantages of operative and non-
and expected outcomes. For operative treatment, this included
restoration of proximal continuity, improved functional/strength
recovery, higher chance of resolution of radiating pain and pain
during sitting, postoperative protection and risk of operative
complications. For non-operative treatment, the ability to start
physiotherapy immediately without risk of operative complications or need for postoperative protection were discussed,
at the cost of uncertainty of proximal continuity restoration,
and a possible greater chance of residual functional limitations/
strength deficits.
To facilitate up-to-date shared decision-making, the information provided during the option talk was continuously updated
based on annual quantitative interim analyses and emerging
evidence. The latter included systematic reviews2 3 and worldwide surveys that evaluated current practice and preferences
regarding the decision-
making process.9 10 During the study
period, decision-
making was initially generally operative-
minded and non-operative treatment was reserved for middle-
aged patients with lower functional demand. Due to satisfactory
outcome in this group, the provided information was updated
and gradually more patients opted for non-
operative treatment, but operative treatment was typically advised in 2-tendon
avulsions with substantial retraction and persistent functional
limitations/sciatic symptoms. Ultimately, patients without a
strong preference for either treatment started physiotherapy
and chose operative or non-operative treatment after evaluating
progression of symptom resolution and functional recovery after
approximately 2 weeks. Elite athletes always opted for operative
treatment.
We refer to online supplemental appendix A for a modifiable
shared decision-making aid for use in clinical practice.

Operative treatment

Operative reattachment of the proximal hamstring tendons
was performed per the current standard11 (online supplemental
appendix B). By varying the degree of knee flexion during
surgery following reattachment, tension on the repair was
assessed. Based on this assessment, a cast was applied in the
operating room. Cast immobilisation was continued for 2 weeks
followed by a hinged knee brace that limited full knee extension
but allowed knee flexion for 4 weeks. The brace was set at 30°
2 of 10

Non-operative patients were referred to a physiotherapist with
extensive experience with these injuries (CV) and immediately
started the rehabilitation programme (online supplemental
appendix B) in phase II. Phase I served as a protective phase
for operative patients only. Phase II focused on normalising gait
and regaining control with functional movement without pain.
Non-impact balance and proprioceptive exercises, gait training
using an antigravity treadmill, and strengthening exercises of
the hamstrings with addition of electrical stimulation as well as
strengthening of hip rotators and trunk were initiated. Phase III
was started when gait was normal and functional movements
were carried out without pain or having to unload the injured
leg. This phase focused on restoring pain-free control of work-
specific and sport-specific movements. Hamstring strengthening
was progressed to lengthened positions. Impact control and
running exercises were started. Phase IV focused on preparing
patients for return to work-
specific and sport-
specific activities. It was started when patients demonstrated dynamic neuromuscular control with multiplane activities at low-to-medium
velocity without pain or swelling. During this phase, running,
strengthening, and impact control exercises were progressed
further. Drills were initiated to replicate work-specific or sport-
specific demands. The goal of this final phase was to achieve
dynamic neuromuscular control with multi-plane activities at
high velocity and asymptomatic unrestricted participation in
work-specific or sport-specific activities.

Data collection

Data collection was performed at the initial visit and at 2 months
(questionnaires), 6 months (questionnaires and clinical tests) and
1 year (questionnaires, clinical tests and MRI) after start of treatment (date of surgery or physiotherapy referral). We chose not
to use date of injury as baseline considering the potential delay
between injury and diagnosis2 4 12 associated with this injury as
well as potential treatment delay.

Questionnaires

Questionnaires included the Perth Hamstring Assessment Tool
(PHAT),13 Proximal Hamstring Injury Questionnaire (PHIQ),14
EQ-
5D-
3L and Tegner Activity Scale (TAS).15 The PHAT
(0–100, higher scores correspond with better outcome) consists
of four questions on symptoms of pain/discomfort and level of
activity specific for proximal hamstring tendon injury. It has high
reproducibility (ICC: 0.84) and a minimal detectable change of
16.4 points.13 The PHIQ is a hamstring avulsion-specific questionnaire consisting of 11 questions on proximal hamstring
tendon-
specific symptoms, functional restrictions, subjective
rate of recovery, and sports participation. No data on its psychometric properties are available. The PHAT and PHIQ were
chosen as they specifically explore symptoms and functional
limitations resulting from proximal hamstring tendon injury.
The EQ-5D-3L and TAS were chosen to explore recovery more
broadly in terms of quality of life, activities of daily living function and activity level. Details on the questionnaires are available
in online supplemental appendix B.
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Primary outcome

The primary outcome was the PHAT score at 1 year after start
of treatment.

Secondary outcomes

Figure 1 MRI assessment of proximal continuity following left-sided
injuries. (A) No continuity. The axial image demonstrates both the
conjoint (CT) and semimembranosus (SM) tendon (arrows) attached to
the ischial tuberosity (asterisk) on the right but no tendons attaching
on the left. The coronal image demonstrates discontinuity with the
(hypo-intense) CT stump (arrow) in a haematoma indicating acute
injury. (B) Continuity by a shared tendon at follow-up. The axial image
shows a single attached neotendon (arrow) on the ischial tuberosity
(asterisk). The coronal image demonstrates merging of both the CT and
SM tendons (arrow) into a joint neotendon that courses proximally.
(C) Continuity by separate tendons (arrows) on the ischial tuberosity
(asterisk) at follow-up.

Clinical tests

Tests to assess hamstring flexibility and strength were performed
by one of five male physicians. Hamstring flexibility was
measured in two positions: the passive straight leg raise (PSLR)16
and active knee extension test (AKET).17 Isometric knee flexor
strength was assessed with a Hoggan MicroFET2 hand-
held
dynamometer (Hoggan Scientific, Salt Lake City, Utah, USA) in
three positions: prone 0°/90° (°hip flexion/°knee flexion), prone
0°/15° and supine 90°/90°.17 18 Patients were verbally encouraged to perform a maximal voluntary contraction for 3 s while
the tester held the dynamometer in place. We recorded the best
of three efforts per position per leg in Newtons. If a patient
reported onset of pain (pain score ≥3/10), that specific measurement was terminated. Previously reported inter-rater reliability
for these testing positions was good (ICC 0.76–0.84).18 19
Detailed measurement methods are included in online supplemental appendix B.

Secondary outcome measures included questionnaires (PHAT
score and PHAT score change, PHIQ, EQ-5D-3L and TAS), rate
of and time to RTS, and recurrence rate at 2 months, 6 months
and 1 year after start of treatment. We additionally report clinical
tests (hamstring flexibility and isometric strength) at 6 months
and 1 year, and MRI findings at 1 year. RTS was recorded as: (1)
return to the same sport at pre-injury level, (2) at a lower level,
(3) in different sports or (4) no RTS. We also recorded time to
RTS (in any sport at any level, in weeks from injury). Recurrence
was defined as an MRI-confirmed full-thickness injury of ≥1
proximal free hamstring tendon(s) in the same leg within 1-year
follow-up. Patients were instructed to contact the coordinating
researcher in case of suspected adverse events.

Statistical analysis

Analysis was performed using SPSS (IBM Corp. Released 2017.
IBM SPSS Statistics for Windows, V.26.0. IBM). Descriptive data
are presented as appropriate. Normality of data was assessed
visually using histograms and normal Q-Q plots. Patients were
analysed by intention to treat.
To test for the between-group differences in PHAT score at
1 year and PHAT score change in 1 year, a repeated measures
general linear model was used. To test for between-group differences in secondary outcome measures at 1 year, we used χ2 tests
and independent t-tests/Mann-Whitney U tests.

Post-hoc analysis

In a post hoc analysis for the primary outcome, adjustments were
made for baseline variables (online supplemental Appendix B)
that influenced the primary outcome with p<0.1. As between-
group differences at baseline could potentially be attributed to
timing of the initial visit, we repeated this sensitivity analysis
with ‘time between injury and initial visit’ as covariate instead
of ‘time between injury and start of treatment’, as well as the
combination of both, to explore whether our choice of included
time variable impacted outcome.

MRI

The MRI protocol is included in online supplemental appendix
B. MRIs were scored by an experienced musculoskeletal radiologist (FS). Assessment included proximal continuity, direct tendon
retraction, fatty infiltration and assessment of the sciatic nerve.
Continuity of the hamstring tendons with the ischial tuberosity was scored as either absent, continuity by means of separate
tendons, or by a shared tendon (tendons are scarred together
and attached to the ischial tuberosity with an organised, tendon-
like structure) (figure 1). Direct retraction was defined as the
shortest distance between mid-origin and most proximal margin

Figure 2
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of the tendon stump.20 Fatty infiltration per individual hamstring
muscle was scored using a modified MRI version of the Goutallier classification21 (normal-
to-
mild: normal muscle or fatty
streaks, moderate: fat ≤muscle and severe: fat >muscle). The
sciatic nerve was evaluated for increased signal intensity, enlargement and contact with perinervous scar tissue.
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Demographic data, clinical tests and MRI characteristics at initial visit
Operative
N=26

Non-operative
N=33

Total
N=59

P value

Female

11 (42%)

15 (45%)

26 (44%)

0.81

Male

15 (58%)

18 (55%)

33 (56%)

Demographic data
Gender
Age

51 (IQR: 37–57)

49 (IQR: 45–56)

51 (IQR: 45–56)

0.85

No sports

1 (4%)

2 (6%)

3 (5%)

0.26

Recreational

13 (50%)

19 (58%)

32 (54%)

Competitive

10 (38%)

12 (36%)

22 (37%)

Professional

2 (8%)

0 (%)

2 (3%)

Days from injury to initial visit

12 (IQR: 6–19)

21 (IQR: 12–48)

15 (IQR: 9.5–39)

Days from injury to start of treatment

30 (IQR: 21–45)

21 (IQR: 12–48)

29 (IQR: 16–47)

0.35

Acute (≤8 weeks)

22 (85%)

26 (79%)

48 (81%)

0.57

Delayed (>8 weeks)

4 (15%)

7 (21%)

11 (19%)

Level of participation
 
 
 

Acute or delayed treatment
 

0.004

Clinical tests
Hamstring flexibility
(° difference with contralateral leg)
 
Isometric hamstring strength
(% of contralateral leg)
 
 

PSLR

−34±18

−12±17

−21±20

<0.001

AKET

−28±19

−11±17

−18±20

0.001

Prone 0°/90°*

39 (IQR: 24.5–45.5)

64 (IQR: 50–86.5)

50 (IQR: 39–65.5)

<0.001

Prone 0°/15°*

0 (IQR: 0–26)

32 (IQR: 20.5–50)

26.5 (IQR: 0–43)

0.001

Supine 90°/90°*

32±17

50±22

43±22

0.003

0.18

MRI
Side of injury
 
Tendon(s) with proximal full-thickness
free tendon discontinuity
 
 
Tendon retraction
 
 
 
Sciatic nerve†
 
 

Right

14 (54%)

12 (36%)

26 (44%)

Left

12 (46%)

21 (64%)

33 (56%)

Conjoint tendon

0 (0%)

2 (6%)

2 (3%)

Semimembranosus tendon

0 (0%)

4 (12%)

4 (7%)

0.07

Both tendons

26 (100%)

27 (82%)

53 (90%)

Conjoint tendon (mm)

33 (IQR: 25–60)

63 (IQR: 28–83)

47 (IQR: 26–71)

0.12

>20 mm

21/26 (81%)

23/29 (79%)

44/55 (80%)

0.89

Semimembranosus (mm)

40 (IQR: 27–71)

74.5 (IQR: 31–91)

57 (IQR: 28–84)

0.08

>20 mm

25/26 (96%)

25/31 (81%)

50/57 (88%)

0.08

Increased signal intensity

16 (62%)

18 (55%)

34 (58%)

0.59

Enlargement

21 (81%)

24 (73%)

45 (76%)

0.47

Contact with perinervous scarring

4 (15%)

11 (33%)

15 (25 %)

0.12

 TAS (before injury)

5.5 (IQR: 4–7.5)

6 (IQR: 4–7)

6 (IQR: 4–7)

0.71

 PHAT score

32±16

45±17

40±18

0.003

Questionnaires

*Degrees hip/knee flexion.
†More than one answer possible.
AKET, active knee extension test; PHAT, Perth Hamstring Assessment Tool; PSLR, passive straight leg raise; TAS, Tegner Activity Scale.

In case of missing data, data from the last observation were
carried forward. Additional best-case/worst-case scenario analyses were performed in which highest and lowest values were
entered for missing PHAT values.

RESULTS

We included 59 patients (figure 2); 26 (44%) women and 33
(56%) men with a median age of 51 (IQR: 45–56). Twenty-six (44%) patients received operative and 33 (56%) patients
received non-operative treatment. There were no cross-overs.
Baseline data are presented in table 1. Operative patients
presented significantly earlier after injury (median 12 vs 21 days,
p=0.004) with significantly larger hamstring flexibility deficits
(−34° and −28° compared with −12° and −11° for PSLR and
AKET respectively, p<0.01), lower isometric strength (39%, 0%
and 32% of contralateral strength compared with 64%, 32% and
50% in the prone 0/90, prone 0/15 and supine 90/90 positions
p<0.01), and lower PHAT scores (32±16 vs 45±17, p=0.003).
4 of 10

MRI demonstrated avulsion of both proximal tendons in 53
(90%) patients, isolated conjoint tendon avulsion in 2 (3%)
and isolated semimembranosus tendon avulsion in 4 (7%). In
the operative group, all injuries involved both tendons. In the
non-operative group both tendons were affected in 27 (82%)
patients, the conjoint tendon in 2 (6%) and the semimembranosus tendon in 4 (12%).
Median time between injury and start of treatment was 30
(IQR: 21–45) days in the operative group and 21 days (IQR:
12–48) in the non-operative group.

Clinical outcome
Primary outcome
PHAT scores in the operative and non-
operative group at
1-year follow-up were 80±19 vs 80±17 (figure 3). There was
no between-
group difference in mean PHAT score at 1-
year
follow-up (p=0.97). There was no between-group difference in
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mean adjusted PHAT score at 1-year follow-up (p=0.23). The
post hoc analyses with different time covariates did not change
outcome. Best-
case/worst-
case scenario analyses also revealed
similar outcomes (online supplemental appendix B).

Secondary outcome

An overview of secondary clinical outcome measures is provided
in table 2.
The increase in mean PHAT score after 1 year in the operative
group was 47 points (95% CI 39 to 55, p<0.001) and 34 points
(95% CI 27 to 41, p<0.001) in the non-operative group (figure 3).
The adjusted increase in mean PHAT score after 1 year in the operative group was 44 (95% CI 37 to 51, p<0.001) and 40 (95% CI
32 to 47, p<0.001) in the non-operative group. We adjusted for
injured side, tendon retraction, perinervous scarring and days from
injury to start of treatment.
In the operative group 6 (23%) patients did not return to sports
at 1 year and 7 (27%) had returned to sports at preinjury level. In
the non-operative group, 4 (12%) did not return to sports and
11 (33%) had returned to sports at pre-injury level. Time to RTS
for the operative and non-operative group was median 25 (IQR:
20–33.5) and 24 (IQR:16–36) weeks. There were no statistically
significant between-group differences in rate of and time to RTS.
There was 1 (4%) recurrence in the operative group due to a water-
skiing accident after 10 months.
Hamstring flexibility was near-symmetrical, without significant
between-group differences. Isometric strength deficits were present
in both groups. Operative patients had isometric hamstring strength
(% of contralateral leg) of 73% (IQR 64–81.5), 66.5% (IQR
54–80) and 78% (IQR 64–93.5) in the prone 0/90, prone 0/15
and supine 90/90 positions. Non-operative patients had 91% (IQR
80–96), 60% (IQR 46–74.5) and 76.5% (IQR 68–89). Isometric
strength in the prone 0/90 position was significantly higher in the
non-operative group (p<0.001).
There were no significant between-group differences in TAS and
EQ-5D-3L responses. The PHIQ revealed a significantly higher
rate of stiffness (60% vs 28%, p=0.03) and lower rate of numbness and/or tingling in the injured leg (10% vs 40%, p=0.03) in the
operative group compared with the non-operative group. There
were no infections, deep vein thromboses, nor iatrogenic sciatic
nerve injuries. At final follow-up, 96% of operative patients and
91% of non-operative patients stated that they would make the
same treatment choice again (p=0.45).

Radiological outcome

Radiological outcomes are presented in table 3. MRI was available at 1 year for 21 (81%) operative and 27 (82%) non-operative
patients. Proximal continuity was present in 20 (95%) operative and 14 (52%) non-operative patients (p<0.008). The only
operative patient without proximal continuity at follow-up had
sustained a reinjury due to a second water-skiing accident before
the 1-year follow-up MRI. After excluding this reinjury, proximal
continuity at follow-up was present in 100% of operative patients.
In the non-operative group, restoration of continuity was significantly associated with tendon retraction in mm (OR 0.96, 95% CI
0.92 to 0.99, p=0.02).

DISCUSSION

Our prospective study of patients with proximal hamstring
tendon avulsions showed that when a shared decision-making
model of care was used, at 1-
year follow-
up: (1) clinical
outcomes were comparable for operative and non-
operative
patients, (2) non-operative patients have better clinical outcome
than previously assumed when treated using a phased rehabilitation programme and (3) proximal continuity of the hamstring
complex was restored in approximately half of non-operative
patients and nearly all operative patients.

Outcomes for operative and non-operative treatment groups

There is a lack of published data on non-operative outcomes.
In this study, more than half of patients chose non-operative
treatment after shared decision-making. This study contributes
the largest group of non-operative patients to gain insight into
non-
operative outcomes, guide decision-
making and help set
patients’ expectations. While operative and non-operative treatment resulted in similar clinical outcome at 1-year follow-up,
it should be noted that operative patients had lower baseline
PHAT scores. It is conceivable that baseline PHAT scores in the
operative group were lower because this group presented significantly earlier after injury, but could alternatively indicate worse
injury and/or ‘collateral’ damage to adjacent tissues. It is unclear
whether between-group differences in PHAT increase can be
attributed to a treatment effect. Based on the adjusted analysis,
differences in outcomes between operative and non-operative
treatment may be more subtle than assumed to date.2 3 5 22
While this cannot be strongly stated because treatment was not
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Figure 3 Mean (95% CI) unadjusted Perth Hamstring Assessment Tool (PHAT) score (0–100) (A) and adjusted score (B) for operative (solid line) and
non-operative group (dashed line) at initial visit and at 2-month, 6-month and 12-month follow-up.
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2 (6%)

RTS at pre-injury 0 (0%)
level

2 (8%)

1 (4%)

21 (84%)

1 (4%)

RTS at different
level

RTS in different
sport

No RTS

No sports prior
to injury

Return to
sports (RTS)
 
 
 
 

22 (67%)

70±17

Quality of life
(VAS)

2 (IQR: 2–4)

N=20

22 (85%)

Anxiety/
depression†

 

30 (91%)

Pain/discomfort† 11 (42%)

 

15 (46%)

Usual activities† 8 (31%)

 

22 (67%)

17 (65%)

4 (IQR: 3–4)

N=25

75±16

32 (97%)

13 (50%)

35 (59%)

4 (IQR: 2–4)

N=45

73±16

52 (88%)

26 (44%)

30 (51%)

49 (83%)

4 (IQR: 3.5–5)

N=20

80±16

21 (81%)

10 (39%)

15 (58%)

22 (85%)

17 (65%)

77.5 (IQR: 68–95.5)

Supine 90°/90°*

Self-care†

62 (IQR: 51.5–70)

Prone 0°/15°*

Mobility†

67.5 (IQR: 64–80)

Prone 0°/90°*

TAS

EQ-5D-3L
 
 
 
 
 

Questionnaires

Isometric
hamstring
strength
(% of
contralateral
leg)
 
 

4 (IQR: 4–6)

N=25

75±15

31 (94%)

18 (55%)

23 (70%)

33 (100%)

24 (73%)

72.5 (IQR: 61.5–85)

54.5 (IQR: 45.5–73.5)

84.5 (IQR: 74.5–93)

3±11

2±11

4 (IQR: 4–5)

N=45

78±15

52 (88%)

28 (48%)

38 (64%)

55 (93%)

41 (70%)

76 (IQR: 65.5–86.5)

61.5 (IQR: 47.5–72.5)

76 (IQR: 66.5–92.5)

1±10

−2±11

4.5 (IQR: 4–6)

N=20

83±12

25 (96%)

14 (54%)

19 (73%)

25 (96%)

22 (85%)

78 (IQR: 64–93.5)

66.5 (IQR: 54–80)

73 (IQR: 64–81.5)

0±9

0±9

−2±10

5 (IQR: 5–6)

N=25

83±15

32 (97%)

19 (58%)

26 (79%)

33 (100%)

23 (70%)

76.5 (IQR: 68–89)

60 (IQR: 46–74.5)

91 (IQR: 80–96)

4±10

2±10

0 (0%)

−6±10

0 (0%)

AKET

0 (0%)

PSLR

0 (0%)

Hamstring
flexibility
(difference
with
contralateral
leg in °)
 

0 (0%)

1 (4%)

0 (0%)

 

0 (0%)

 

Recurrence

4 (12%)

4 (12%)

12 (36%)

Clinical tests

6 (23%)

2 (8%)

10 (39%)

11 (33%)

24 (IQR: 16–36)

3 (5%)

20 (34%)

14 (24%)

13 (22%)

7 (27%)

Non-operative
N=33

25 (IQR: 20–33.5)

2 (6%)

10 (30%)

9 (27%)

5 (15%)

9 (15%)

1-year follow-up
Operative
N=26

 

Time to RTS
(weeks)

1 (4%)

10 (39%)

5 (19%)

8 (31%)

7 (21%)

Total
N=59

2 (6%)

3 (5%)

40 (68%)

9 (15%)

4 (7%)

3 (5%)

Non-operative
N=33

1 (4%)

2 (6%)

18 (55%)

8 (24%)

3 (9%)

 
2 (8%)

6-month follow-up
Operative
N=26

Non-operative Total
N=33
N=59

2-month follow-up

Operative
N=26

Clinical outcome at 2-month follow-up, 6-month follow-up and 1-year follow-up

5 (IQR: 4–6)

N=45

83±13

57 (97%)

33 (56%)

45 (76%)

58 (98%)

45 (76%)

77 (IQR: 66.5–91)

63.5 (IQR: 50.5–77.5)

82.5 (IQR: 73–94)

3±9

1±9

1 (2%)

24 (IQR: 16–36)

3 (5%)

10 (17%)

6 (10%)

22 (37%)

18 (31%)

Total
N=59

Continued

0.13

0.86

0.86

0.78

0.61

0.26

0.18

0.87

0.12

<0.001

0.12

0.63

0.26

0.71

0.80

P value
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4 (17%)

6 (30%)

11 (55%)

7 (35%)

0 (0%)

0 (0%)

11 (55%)

0 (IQR: 0–2.5)

Use of pain
medication

Stiffness in
injured leg

Numbness/
tingling in
injured leg

Self-estimated
recovery‡

Self-estimated
strength‡

Satisfied with
outcome

Sports
participation
(hours/week)
1 (IQR: 0–4.5)

23 (51%)
2.5 (IQR: 0–6)

15 (75%)

0 (0%)

1 (5%)

3 (15%)

16 (80%)

6 (30%)

3.5 (IQR: 2–5.5)

10 (40%)

1 (4%)

4 (16%)

10 (40%)

12 (48%)

5 (20%)

1 (IQR: 0–2)

3 (IQR: 2–6)

25 (56%)

1 (2%)

5 (11%)

13 (29%)

28 (62%)

11 (24%)

1 (IQR: 0–2)

Total
N=59

1-year follow-up

4.5 (IQR: 0–6.5)

17 (85%)

2 (10%)

4 (20%)

2 (10%)

12 (60%)

2 (10%)

1 (IQR: 0–2)

Operative
N=26

*Degrees hip/knee flexion.
†% of patients reporting no symptoms/problems.
‡% of patients estimating recovery at 100%
AKET, active knee extension test; PHIQ, proximal hamstring injury questionnaire; PSLR, passive straight leg raise; TAS, Tegner Activity Scale; VAS, Visual Analogue Scale.

4 (IQR: 0–6.5)

12 (48%)

1 (2%)

1 (2%)

18 (40%)

21 (47%)

10 (22%)

1 (IQR: 0–3)

Non-operative
N=33

4 (IQR: 2.5–7)

19 (76%)

3 (12%)

6 (24%)

10 (40%)

7 (28%)

1 (4%)

1 (IQR: 0–2)

Non-operative
N=33

4 (IQR: 2–7)

36 (80%)

5 (11%)

10 (22%)

12 (27%)

19 (42%)

3 (7%)

1 (IQR: 0–2)

Total
N=59

0.37

0.46

0.83

0.75

0.03

0.03

0.43

0.38

P value
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1 (4%)

1 (4%)

11 (44%)

10 (40%)

0 (IQR: 0–2.5)

Pain (past week, 2 (IQR: 1–4)
VAS)

PHIQ
 
 
 
 
 
 
 
1 (IQR: 1–2.5)

6-month follow-up
Operative
N=26

Non-operative Total
N=33
N=59

2-month follow-up

Operative
N=26

 

Continued
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Radiological outcome at 1-year follow-up
Operative
N=21

Non-operative
N=27

Total
N=48

P value
0.008

Proximal free hamstring tendon continuity
  
No continuity

 

1 (5%)*

13 (48%)

14 (29%)

  Continuity (shared tendon)

 

15 (71%)

11 (41%)

26 (54%)

  Continuity (separate tendons)

 

5 (24%)

3 (11%)

8 (17%)

Fatty infiltration
  
Biceps femoris
  
  

Normal-to-mild

  
Semitendinosus
  
  
  
Semimembranosus
  
  

Normal-to-mild

10 (48%)

6 (22%)

16 (33%)

Moderate

8 (38 %)

19 (70%)

27 (56%)

Severe

3 (14%)

2 (7%)

5 (10%)

Normal-to-mild

5 (24%)

9 (33%)

14 (29%)

15 (71%)

14 (52%)

29 (60%)

Moderate
Severe

0.16

0.50

1 (5%)

4 (15%)

5 (10%)

11 (52%)

6 (22%)

17 (35%)

Moderate

9 (43%)

19 (70%)

28 (58%)

Severe

1 (5%)

2 (7 %)

3 (6%)

  Increased signal intensity

 

0 (0%)

3 (11%)

3 (6%)

  
Enlargement

 

7 (33%)

15 (56%)

22 (46%)

0.13

  Contact with perinervous scarring

 

14 (67%)

18 (67%)

32 (67%)

1.00

0.19

Sciatic nerve†
0.12

*Follow-up MRI made after reinjury.
†More than one answer possible.

randomly allocated, our findings indicate that further comparative studies are necessary and justified.
Aside from treatment effects, there are several potential
confounders for outcome to consider as prognostic factors
based on the adjusted analysis: we adjusted for injured side,
tendon retraction, perinervous scarring, and days from injury
to start of treatment. Tendon retraction and timing of surgery
have previously been proposed as prognostic factors for clinical
outcome.2 9 10 23 Accordingly, we noted that increased retraction
and time from injury to start of treatment negatively impacted
PHAT score improvement. Injuring the dominant leg potentially leads to more functional restrictions considering that a
right-sided injury resulted in less improvement in PHAT score.
Perinervous scarring on MRI also resulted in less PHAT improvement, potentially indicating that neurolysis may be required for
symptom relief.

Return to sport and hamstring strength

Comparing the RTS of this study’s cohort with the existing literature reveals similar outcomes, despite our shorter follow-up.
RTS is difficult to compare as it is defined variably across studies.
In a recent systematic review with approximately 3 to 4 years
follow-up, RTS and return to preinjury level were combined.
The reported rates of RTS for operative and non-
operative
patients were 80% and 71%, which is in line with our findings.
However, in our study a substantial proportion did so in other
sports (8% in operative and 12% in non-operative patients) or at
a lower level (39% and 36%). These findings indicate that return
to preinjury sports at preinjury level is unrealistic within 1 year
for a subset of patients. Persistent hamstring strength deficits,
noted in both groups, have also been highlighted in previous
smaller retrospective studies with longer follow-
up.1 2 4 24 In
these studies, however, operative treatment resulted in superior
hamstring strength and RTS rates compared with non-operative
treatment.2 24 It is possible that operative intervention is an
‘investment’ for superior long-term results, but this should be
corroborated in larger prospective long-term analyses.
8 of 10

Continuity restoration and fatty infiltration on MRI

Radiological outcome after proximal hamstring tendon avulsion injury is sparsely reported and limited to postoperative
patients. Available studies noted tendon healing after operative
treatment in all cases with no-to-mild fatty infiltration of the
hamstrings.25–27 We found tendon continuity in 52% of non-
operative patients, mostly by a shared neotendon. While the
distal semitendinosus tendon is known to ‘regenerate’ after
being harvested for anterior cruciate ligament reconstruction in
60%–72%,28 this is a novel finding for the proximal hamstrings.
We hypothesised that a ‘neotendon’ develops from longitudinal
scar tissue in the lateral haematoma wall on resorption. Contrary
to previous studies, we noted varying degrees of fatty infiltration
in a substantial proportion of patients. Its clinical significance is
unknown. Fatty infiltration in rotator cuff injury has been linked
to decreased muscle function29 and appears irreversible after a
certain stage,30 with potential implications for prognosis. It is
conceivable that fatty infiltration is associated with hamstring
strength deficits.

Strengths and limitations

Strengths include a prospective study design and a uniform
rehabilitation protocol for both groups. Obvious limitations
include the lack of random treatment allocation, lack of assessor
blinding for clinical outcome, and the relatively small sample
size. These limitations introduce risk of selection bias and
assessor bias. The radiologist assessing radiological outcomes
was blinded to clinical data, however, the presence of suture
anchors on the follow-up MRI revealed which treatment the
patient had undergone. As the shared decision-making process
evolved over time, despite being beneficial for patient care,
reproducibility is affected. Due to shared decision-
making,
psychosocial differences in addition to baseline differences in
demographics and injury characteristics can be expected. Due
to the duration of follow-up in this study, conclusions regarding
long-term outcomes cannot be drawn.
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Original research
This study can serve to set patient expectations and underlines
the clinical value of a shared decision-making model. Outcomes
at 1-year follow-up were equally good in both groups with high
patient satisfaction. More than 90% of patients stated that they
would opt for the same treatment again. This indicates that the
shared decision-making model succeeds in selecting the appropriate treatment for the individual patient in a predominantly
middle-aged population. Our findings and conclusions cannot
be generalised to elite athletes.
We recommend this approach until evidence-based indications
for operative intervention are available. Regardless of treatment
choice, patients should be informed that return to preinjury
level of sports is unrealistic for the majority within the first year.
Residual isometric strength deficits and fatty infiltration on MRI
are expected. Proximal continuity of the hamstring complex was
restored in approximately half of non-operative patients and
nearly all operative patients.
As operative repair serves to restore continuity, it is worth
investigating whether specific factors (eg, retraction, mechanical
stimulus) can predict or influence spontaneous continuity restoration. By determining prognostic factors, indications for operative repair may be established. In particular, an in-depth analysis
of the effect of tendon retraction on continuity restoration,
collateral (nerve) damage and consequently functional outcome
in a larger sample of non-operative patients would be beneficial
to determine its role in decision-making and identify an evidence-
based cut-off value. Large prospective analyses should determine
whether there are long-term differences in outcomes between
operative and non-operative treatment. Our findings indicate
that clinical equipoise exists in the described study population,
paving the way for randomised controlled trials.
Additionally, the decision-
making process would benefit
from future studies exploring which patient-specific and injury-
specific factors predict the choice for operative or non-operative
treatment.

CONCLUSION

In a shared decision-making model of care, both operative and
non-operative patients with a proximal hamstring tendon avulsion have comparable clinical outcomes at 1 year follow-
up.
Operative patients started with lower pre-
treatment PHAT
scores, but improved substantially to reach equally high PHAT

Summary box
What are the findings?

► Clinical outcomes at 1-year follow-up after proximal

hamstring tendon avulsion are comparable for operative and
non-operative patients in a shared decision-making model.
► Non-operative patients have better clinical outcome
than previously assumed when treated using a phased
rehabilitation programme.
► Restoration of proximal continuity on MRI was observed in
approximately half of patients without surgical intervention.
How might it impact on clinical practice in the future?

► Reported outcomes can guide shared decision-making,

clinical equipoise, and setting patients’ expectations.

► A shared decision model of care can be used as both

treatment options appear favourable, but future high-level
clinical trials are necessary.

scores as non-operative patients. There were no clinically relevant between-group differences in secondary clinical outcome
measures. Operative repair resulted in a significantly higher rate
of proximal continuity. Proximal continuity of the hamstring
complex was restored in approximately half of non-operative
patients and nearly all operative patients. We recommend using
this shared decision model of care until evidence-based indications in favour of either treatment option based on high-level
clinical trials are available.
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Shared decision-making
• Proximal hamstring anatomy + location of injury
• Expected advantages & disadvantages of treatment options
• Expected short-term outcome of operative & non-operative treatment
• Expected long-term outcome of operative & non-operative treatment
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Anatomy + location of injury
Ischial tuberosity
3. Vertical ridge
Divides upper region into:
4. Lateral facet
 Semimembranosus
5. Medial facet
Biceps Femoris
Semitendinosus

Image from: van der Made et al. The hamstring muscle complex. Knee Surg Sports Traumatol Arthrosc. 2015 Jul;23(7):2115-22.
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1. Semitendinosus
3. Semimembranosus
4. Biceps Femoris (Long head)
5. Ischial tuberosity
6. Sacrotuberous ligament
8. Sciatic nerve

Image from: van der Made et al. The hamstring muscle complex.
Knee Surg Sports Traumatol Arthrosc. 2015 Jul;23(7):2115-22.
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1. Semitendinosus
3. Semimembranosus
4. Biceps Femoris (Long head)
5. Ischial tuberosity
6. Sacrotuberous ligament
8. Sciatic nerve

Image from: van der Made et al. The hamstring muscle complex.
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Operative & non-operative treatment
• Operative treatment

• Surgical refixation of hamstrings
• Post-operative protection (cast/brace)
• Start of (phased) rehabilitation programme with experienced physiotherapist

• Non-operative treatment

• Direct start of (phased) rehabilitation programme with experienced
physiotherapist
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Operative & non-operative treatment
Expected short-term outcome (current study, at 1 year)
Operative

Non-Operative

Full recovery self-care (%)

100

95

Full recovery ADL (%)

80

75

No pain/discomfort (%)

60

55

Return to sports (%)
Same sport
Same sport, same level

Strength (% of other leg)
Tendon recovery (%, on MRI)

70

65
35

25

70

70
95

50
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Operative & non-operative treatment
Expected long-term outcome (at 3-4 years, summary of scientific literature)
Non-Operative

Operative
Return to sports (%)

Strength (% of other leg)

65

85

LEFS (function score)

SF-12 (health score)

70

80

70

73

53

53
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Appendix B

Proximal hamstring tendon avulsions: comparable clinical outcomes of operative and nonoperative treatment at one-year follow-up using a shared decision-making model.
Anne D van der Made1,2,3, Rolf W Peters2,3,4, Claire Verheul2,3,5, Frank Smithuis2,3,6, Gustaaf Reurink2,3,7,
Maarten H Moen7, Johannes L Tol1,2,3, Gino MMJ Kerkhoffs1,2,3.
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Surgical technique
Operative reattachment of the proximal hamstrings tendons was jointly performed by a senior
orthopaedic and trauma surgeon (GK and RP) under general anaesthesia in prone position with
padding under the chest, pelvis, knees, and ankles. A horizontal incision was made in the gluteal
crease and extended vertically, followed by a vertical incision through subcuticular tissue and fascia.
Upon opening the hematoma, the sciatic nerve was identified and protected. The proximal hamstring
tendons were identified and any scar tissue hindering free motion of the proximal hamstrings was
removed. The ischial tuberosity was identified and debrided, removing any scar tissue and tendon
remnants. Three titanium suture anchors (Mitek G2, Raynham, MA) were inserted into the ischial
tuberosity and the proximal hamstring tendons were secured to the bone in knee flexion. By varying
the degree of knee flexion after reattachment, the surgeons assessed tension on the proximal
hamstring attachment. Based on this assessment, a cast was applied in the operation room. Postoperatively, cast immobilization was used for two weeks followed by a hinged knee brace for four
weeks that limited full knee extension but allowed knee flexion. The brace was set at 30 degrees
knee flexion and gradually (10 degrees per week) progressed towards full knee extension. Postoperatively, a criteria-based rehabilitation programme was initiated as soon as the knee brace was
applied.
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Rehabilitation protocol
Adapted from: Sherry & UW Health Sports Medicine physician group. Rehabilitation Guidelines
Following Proximal Hamstring Primary Repair [1]

Phase I – Protective phase (only applicable post-operatively)
Appointments
Rehabilitation
goals

Weight bearing

Immobilisation

Precautions
Suggested
therapeutic
exercises

Cardiovascular
exercise
Progression
criteria

Start 7-10 days after surgery, 2+ sessions/week
• Protection of the repaired tendon(s)
• Pain control
Week 1: Protective phase
Week 2-6: Activation of affected hamstrings while protecting repair
Week 6: Start weightbearing
• Use of crutches as long as a brace/cast is used
• Post-operative weeks 0-2: Cast immobilization
• Post-operative weeks 3-6: Hinged knee brace
• Post-operative weeks 6: Touch down weight bearing. Gradual increase in
weightbearing up to weightbearing as tolerated
• Cast immobilization for 2 weeks, followed by a hinged knee brace limiting
knee extension. Knee extension limit is started at 30° knee flexion, which is
reduced by 10°per week. In week 6, the knee brace is set at 0° for one week
to avoid knee hyperextension
• Avoid hip flexion coupled with knee extension
• Avoid unsafe surfaces and environments
• Quadriceps and gluteus isometric exercises
• Ankle pumps
• Abdominal isometrics
• Passive knee range of motion (ROM) with no hip flexion during knee
extension
• Week 3: Start of electrical muscle stimulation of the hamstrings
• Hip abduction, hip extension, and balance exercises
• Scar mobilization
Upper body circuit training or upper body ergometer (UBE)
6 weeks post-operative
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Phase II

Appointments
Rehabilitation goals

Precautions

Suggested
therapeutic exercises

Cardiovascular
exercise
Progression criteria

2+ sessions/week
• Normalize gait
• Good control and no pain with functional movements, including step
up/down, squat, partial lunge (do not exceed 60° of knee flexion)
• Avoid dynamic stretching
• Avoid loading the hip at deep flexion angles
• No impact or running
• Non-impact balance and proprioceptive drills, beginning with double leg
and gradually progressing to single leg
• Stationary bike
• Gait training using an AlterG anti-gravity treadmill
• Electrical muscle stimulation of the hamstrings
• Hamstring strengthening – start by avoidance of lengthened hamstring
position (hip flexion combined with knee extension) by working hip
extension and knee flexion moments separately; begin with isometric and
concentric strengthening with hamstring sets, heel slides, double leg
bridge, standing leg extensions, and physioball curls
• Hip and core strengthening
• Upper body circuit training or UBE
• Normal gait on all surfaces
• Ability to carry out functional movements without unloading the
affected leg or pain while demonstrating good control
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Phase III

Appointments
Rehabilitation goals
Precautions
Suggested
therapeutic exercises

Cardiovascular
exercise
Progression criteria

2+ sessions/week
Good control and no pain with sport- and work-specific movements,
including impact
• No pain during strength training
• Post-activity soreness should resolve within 24 hours
• Continue hamstring strengthening. Progress toward strengthening in
lengthened hamstring positions; begin to incorporate eccentric
strengthening with single leg forward leans, single leg bridge lowering,
prone foot catches, and assisted Nordic curls
• Hip and core strengthening
• Impact control exercises beginning 2 feet to 2 feet, progressing from 1
foot to the other and then 1 foot to same foot
• Movement control exercise beginning with low velocity, single-plane
activities and progressing to higher velocity, multi-plane activities
• Initiate running drills, but no sprinting until Phase IV
Biking, elliptical machine, Stairmaster, swimming, and running using
AlterG anti-gravity treadmill and ultimately at bodyweight.
• Dynamic neuromuscular control with multi-plane activities at low to
medium velocity without pain or swelling
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Phase IV

Appointments
Rehabilitation goals
Precautions
Suggested
therapeutic exercises

Cardiovascular
exercise
Progression criteria

2+ sessions/week
Good control and no pain with sport- and work-specific movements,
including impact
• No pain during strength training
• Post-activity soreness should resolve within 24 hours
• Continue hamstring strengthening. Progress toward higher velocity
strengthening and reaction in lengthened positions, including eccentric
strengthening with single leg forward leans with medicine ball, single leg
dead lifts with dumbbells, single leg bridge curls on physioball, resisted
running foot catches, and Nordic curls
• Running and sprinting mechanics and drills
• Hip and core strengthening
• Impact control exercises beginning 2 feet to 2 feet, progressing from 1
foot to other and then 1 foot to same foot
• Movement control exercise beginning with low velocity, single plane
activities and progressing to higher velocity, multi-plane activities
• Sport/work specific balance and proprioceptive drills
• Stretching for patient specific muscle imbalances
Replicate sport- or work-specific energy demands
• Dynamic neuromuscular control with multi-plane activities at high
velocity without pain or swelling
• Pain-free and unrestricted participation in work- or sport-specific
activities
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Questionnaires
Questionnaires included the Perth Hamstring Assessment Tool (PHAT)[2], Proximal Hamstring Injury
Questionnaire (PHIQ)[3], EQ-5D-3L, and Tegner Activity Scale (TAS)[4]. The PHAT (0-100, a higher
score corresponds with better outcome) consists of four questions on symptoms of pain/discomfort
and level of activity specific for proximal hamstring tendon injury. It has been validated and has high
reproducibility (ICC: 0.84). The minimal detectable change was determined at 16.4 points[2]. The
PHIQ is a hamstring avulsion-specific questionnaire that surveys proximal hamstring tendon-specific
symptoms, functional restrictions, subjective rate of recovery, and sports participation. It consists of
11 predominantly nominal questions. The EQ-5D-3L is a quality-of-life questionnaire consisting of five
nominal questions surveying different domains (mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression), and one question to rate quality of life on a visual analogue scale (0-100, a
higher score corresponds with better outcome). The TAS expresses the level of activity as a number
(0-10, a higher score indicates a higher level of activity).
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Clinical tests
Hamstring flexibility
Tests to evaluate hamstring flexibility and strength were carried out by five male testers. All received
training and practiced until they were familiar with the tests and able to carry out the testing
independently. Hamstring flexibility was measured using the Goniometer app for iOS [5] in two
supine positions: the passive straight leg raise (PSLR) and active knee extension test (AKET). Interrater reliability for the PSLR and AKET are moderate and good with intraclass correlation coefficients
(ICCs) of 0.74 [6] and 0.89 [7]. The PSLR was performed by passively lifting the leg while ensuring full
knee extension with the goniometer mid-shin on the anterior tibial margin. We recorded range of
motion (i.e. hip flexion) between starting position and the position where the patient reported onset
of pain, maximal tolerable stretch, or when the examiner noted start of pelvic rotation. The AKET was
performed by positioning the examined leg in 90 degrees hip and knee flexion. The patient was asked
to hold the thigh in this position with both hands just proximal to the knee and to actively extend the
knee. Range of motion (i.e. knee extension) from starting position to the point of onset of pain or
maximal tolerable stretch was recorded.

Isometric knee flexor strength assessment
Isometric knee flexor strength was assessed with a Hoggan MicroFET2 hand-held dynamometer
(Hoggan Scientific, LLC, Salt Lake City, UT, USA). We measured strength in three positions: prone 0/90
(°hip flexion/°knee flexion), prone 0/15, and supine 90/90 [8,9]. Previously reported inter-rater
reliability for these positions is good with ICCs of 0.76-0.84 [8,9]. Patients were verbally encouraged
to perform a maximal voluntary contraction for 3 seconds while the tester held the dynamometer in
place. We recorded the best of three efforts per position per leg in Newtons. If a patient reported
onset of pain (pain score ≥3/10), that specific measurement was terminated.
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MRI protocol
Images were acquired using a Philips 3.0T Ingenia system and an anterior body coil. The MRI protocol
in our center included coronal T2 mDixon (repetition time [TR]/echo time [TE] 2000-6000/60 ms,
field of view [FOV] 450x450 mm, slice thickness 4 mm, and matrix 820x651) and axial T2 TSE
(proximal and distal, TR/TE 2500-6000/70 ms, FOV 450x250 mm, slice thickness 2.5 mm, and matrix
900x360) and PD mDixon drive (TR/TE 2000-3500/’shortest’ ms, FOV 400x450 mm, slice thickness 3.5
mm, and matrix 800x699) images. A range in TR/TE indicates that actual repetition time will be
calculated based on the number of slices. ‘Shortest’ TR/TE indicates that the shortest possible TE will
be used.
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Statistical analysis
Covariates included in post-hoc analysis
Age, level of participation, days from injury to start of treatment, hamstring flexibility, isometric
hamstring strength, side of injury, tendon(s) with proximal full-thickness free tendon discontinuity,
tendon retraction, sciatic nerve aspect, Tegner Activity Scale score (before injury).

Post-hoc analysis: Time variables as covariates
As between-group differences at baseline could potentially be attributed to timing of the initial visit,
we repeated this sensitivity analysis with ‘time between injury and initial visit’ as covariate instead of
‘time between injury and start of treatment’, as well as the combination of both, to explore whether
our choice of included time variable impacted outcome.
Using ‘time between injury and initial visit’ as covariate instead of ‘time between injury and start of
treatment’: The adjusted increase in mean PHAT score after one year in the operative group was 44
(95%CI: 37-51, p<0.001) and 40 (95%CI: 32-47, p<0.001) in the non-operative group.
Using both time variables as covariates: The adjusted increase in mean PHAT score after one year in
the operative group was 45 (95%CI: 36-54, p<0.001) and 39 (95%CI: 30-48, p<0.001) in the nonoperative group.

Post-hoc analysis: Best- & worst-case scenario analyses
For patients lost to follow-up, data from the last observation were carried forward. Additional best/worst-case scenario analyses were performed in which highest and lowest values were entered for
missing PHAT values.
In the operative group, three of 26 (12%) patients were lost to follow-up after 6 months. In the nonoperative group, one of 33 (3%) was lost to follow-up after start of treatment, one (3%) at 2 months,
and one (3%) at 6 months.
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In the best-case scenario analysis, unadjusted increase in PHAT score was 52 (95%CI: 44-60) for
operative and 38 (95%CI: 31-45) for non-operative treatment.
In the worst-case scenario analysis, unadjusted increase in PHAT score was 40 (95%CI:28-53) for
operative and 29 (95%CI: 18-40) for non-operative treatment.
In both scenarios the within-group increase was statistically significant (p<0.001), but there were no
significant between-group differences in PHAT score at 1-year follow-up.

Estimated sample sizes for future (randomised) trials
The data from the current study may assist in sample size/power calculations for future (randomised)
trials. We present estimations for sample size for superiority and non-inferiority designs below. Note
that these are simple examples that may be different based on methodological and statistical
considerations in future studies. Calculations were performed using nQuery (Statsols, Cork, Ireland).
In these examples the significance level is set at 5% and power at 80%. For relevant between-group
difference in PHAT increase we have used both 10.0, which is 10% on the PHAT scale, and 16.4,
which is the MDC (minimal detectable change) [2] and thus the minimum change required to be 95%
confident that real clinical change has occurred. The standard deviation for PHAT increase is 21.4,
17.7 in the operative and 22.5 in the non-operative group.

Superiority trial
In a hypothetical study with the aim of evaluating whether operative treatment is superior to nonoperative treatment in terms of increase in mean PHAT score, the following sample size calculations
may be used:
-In a (two-sided) Z-test for two means, a study group with 65 patients in the operative and 65
patients in the non-operative group achieves 80.4% power at the 5% significance level when the
difference in PHAT increase under the alternative hypothesis is 10.0, with standard deviations in the
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operative and non-operative group of 17.7 and 22.5, respectively. Assuming a dropout rate of 15%,
the preferred sample size would be 154 patients.
-In a (two-sided) Z-test for two means, a study group with 24 patients in the operative and 24
patients in the non-operative group achieves 80.1% power at the 5% significance level when the
difference in PHAT increase under the alternative hypothesis is 16.4, with standard deviations in the
operative and non-operative group of 17.7 and 22.5, respectively. Assuming a dropout rate of 15%,
the preferred sample size would be 56 patients.

Non-inferiority trial
In a hypothetical study with the aim of evaluating whether non-operative treatment is not inferior to
operative treatment in terms of increase in mean PHAT score, the following sample size calculations
may be used:
-A two-group (one-sided) t-test with 58 patients in the operative and 58 patients in the nonoperative group achieves 80% power at the 5% significance level to reject the null hypothesis that
non-operative and operative treatment are not non-inferior (the difference in means is -10.0 or
farther from zero in the same direction) in favour of the alternative hypothesis that the means of the
two groups are non-inferior, assuming that the expected difference in means is 0 and the common
standard deviation is 21.4. Assuming a dropout rate of 15%, the preferred sample size would be 138
patients.
-A two-group (one-sided) t-test with 22 patients in the operative and 22 patients in the nonoperative group achieves 80% power at the 5% significance level to reject the null hypothesis that
non-operative and operative treatment are not non-inferior (the difference in means is -16.4 or
farther from zero in the same direction) in favour of the alternative hypothesis that the means of the
two groups are non-inferior, assuming that the expected difference in means is 0 and the common
standard deviation is 21.4. Assuming a dropout rate of 15%, the preferred sample size would be 58
patients.
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Appendix for:
Proximal hamstring tendon avulsions: comparable clinical outcomes of operative and
non-operative treatment at one-year follow-up in a shared decision-making model.
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Shared decision-making
• Proximal hamstring anatomy + location of injury
• Expected advantages & disadvantages of treatment options
• Expected short-term outcome of operative & non-operative treatment
• Expected long-term outcome of operative & non-operative treatment
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Anatomy + location of injury
Ischial tuberosity
3. Vertical ridge
Divides upper region into:
4. Lateral facet
 Semimembranosus
5. Medial facet
Biceps Femoris
Semitendinosus

Image from: van der Made et al. The hamstring muscle complex. Knee Surg Sports Traumatol Arthrosc. 2015 Jul;23(7):2115-22.
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1. Semitendinosus
3. Semimembranosus
4. Biceps Femoris (Long head)
5. Ischial tuberosity
6. Sacrotuberous ligament
8. Sciatic nerve

Image from: van der Made et al. The hamstring muscle complex.
Knee Surg Sports Traumatol Arthrosc. 2015 Jul;23(7):2115-22.
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1. Semitendinosus
3. Semimembranosus
4. Biceps Femoris (Long head)
5. Ischial tuberosity
6. Sacrotuberous ligament
8. Sciatic nerve

Image from: van der Made et al. The hamstring muscle complex.
Knee Surg Sports Traumatol Arthrosc. 2015 Jul;23(7):2115-22.
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Operative & non-operative treatment
• Operative treatment

• Surgical refixation of hamstrings
• Post-operative protection (cast/brace)
• Start of (phased) rehabilitation programme with experienced physiotherapist

• Non-operative treatment

• Direct start of (phased) rehabilitation programme with experienced
physiotherapist
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Operative & non-operative treatment
Expected short-term outcome (current study, at 1 year)
Operative

Non-Operative

Full recovery self-care (%)

100

95

Full recovery ADL (%)

80

75

No pain/discomfort (%)

60

55

Return to sports (%)
Same sport
Same sport, same level

Strength (% of other leg)
Tendon recovery (%, on MRI)

70

65
35

25

70

70
95

50
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Operative & non-operative treatment
Expected long-term outcome (at 3-4 years, summary of scientific literature)
Non-Operative

Operative
Return to sports (%)

Strength (% of other leg)

65

85

LEFS (function score)

SF-12 (health score)

70

80

70

73

53

53
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Surgical technique
Operative reattachment of the proximal hamstrings tendons was jointly performed by a senior
orthopaedic and trauma surgeon (GK and RP) under general anaesthesia in prone position with
padding under the chest, pelvis, knees, and ankles. A horizontal incision was made in the gluteal
crease and extended vertically, followed by a vertical incision through subcuticular tissue and fascia.
Upon opening the hematoma, the sciatic nerve was identified and protected. The proximal hamstring
tendons were identified and any scar tissue hindering free motion of the proximal hamstrings was
removed. The ischial tuberosity was identified and debrided, removing any scar tissue and tendon
remnants. Three titanium suture anchors (Mitek G2, Raynham, MA) were inserted into the ischial
tuberosity and the proximal hamstring tendons were secured to the bone in knee flexion. By varying
the degree of knee flexion after reattachment, the surgeons assessed tension on the proximal
hamstring attachment. Based on this assessment, a cast was applied in the operation room. Postoperatively, cast immobilization was used for two weeks followed by a hinged knee brace for four
weeks that limited full knee extension but allowed knee flexion. The brace was set at 30 degrees
knee flexion and gradually (10 degrees per week) progressed towards full knee extension. Postoperatively, a criteria-based rehabilitation programme was initiated as soon as the knee brace was
applied.
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Rehabilitation protocol
Adapted from: Sherry & UW Health Sports Medicine physician group. Rehabilitation Guidelines
Following Proximal Hamstring Primary Repair [1]

Phase I – Protective phase (only applicable post-operatively)
Appointments
Rehabilitation
goals

Weight bearing

Immobilisation

Precautions
Suggested
therapeutic
exercises

Cardiovascular
exercise
Progression
criteria

Start 7-10 days after surgery, 2+ sessions/week
• Protection of the repaired tendon(s)
• Pain control
Week 1: Protective phase
Week 2-6: Activation of affected hamstrings while protecting repair
Week 6: Start weightbearing
• Use of crutches as long as a brace/cast is used
• Post-operative weeks 0-2: Cast immobilization
• Post-operative weeks 3-6: Hinged knee brace
• Post-operative weeks 6: Touch down weight bearing. Gradual increase in
weightbearing up to weightbearing as tolerated
• Cast immobilization for 2 weeks, followed by a hinged knee brace limiting
knee extension. Knee extension limit is started at 30° knee flexion, which is
reduced by 10°per week. In week 6, the knee brace is set at 0° for one week
to avoid knee hyperextension
• Avoid hip flexion coupled with knee extension
• Avoid unsafe surfaces and environments
• Quadriceps and gluteus isometric exercises
• Ankle pumps
• Abdominal isometrics
• Passive knee range of motion (ROM) with no hip flexion during knee
extension
• Week 3: Start of electrical muscle stimulation of the hamstrings
• Hip abduction, hip extension, and balance exercises
• Scar mobilization
Upper body circuit training or upper body ergometer (UBE)
6 weeks post-operative
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Phase II

Appointments
Rehabilitation goals

Precautions

Suggested
therapeutic exercises

Cardiovascular
exercise
Progression criteria

2+ sessions/week
• Normalize gait
• Good control and no pain with functional movements, including step
up/down, squat, partial lunge (do not exceed 60° of knee flexion)
• Avoid dynamic stretching
• Avoid loading the hip at deep flexion angles
• No impact or running
• Non-impact balance and proprioceptive drills, beginning with double leg
and gradually progressing to single leg
• Stationary bike
• Gait training using an AlterG anti-gravity treadmill
• Electrical muscle stimulation of the hamstrings
• Hamstring strengthening – start by avoidance of lengthened hamstring
position (hip flexion combined with knee extension) by working hip
extension and knee flexion moments separately; begin with isometric and
concentric strengthening with hamstring sets, heel slides, double leg
bridge, standing leg extensions, and physioball curls
• Hip and core strengthening
• Upper body circuit training or UBE
• Normal gait on all surfaces
• Ability to carry out functional movements without unloading the
affected leg or pain while demonstrating good control
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Phase III

Appointments
Rehabilitation goals
Precautions
Suggested
therapeutic exercises

Cardiovascular
exercise
Progression criteria

2+ sessions/week
Good control and no pain with sport- and work-specific movements,
including impact
• No pain during strength training
• Post-activity soreness should resolve within 24 hours
• Continue hamstring strengthening. Progress toward strengthening in
lengthened hamstring positions; begin to incorporate eccentric
strengthening with single leg forward leans, single leg bridge lowering,
prone foot catches, and assisted Nordic curls
• Hip and core strengthening
• Impact control exercises beginning 2 feet to 2 feet, progressing from 1
foot to the other and then 1 foot to same foot
• Movement control exercise beginning with low velocity, single-plane
activities and progressing to higher velocity, multi-plane activities
• Initiate running drills, but no sprinting until Phase IV
Biking, elliptical machine, Stairmaster, swimming, and running using
AlterG anti-gravity treadmill and ultimately at bodyweight.
• Dynamic neuromuscular control with multi-plane activities at low to
medium velocity without pain or swelling
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Phase IV

Appointments
Rehabilitation goals
Precautions
Suggested
therapeutic exercises

Cardiovascular
exercise
Progression criteria

2+ sessions/week
Good control and no pain with sport- and work-specific movements,
including impact
• No pain during strength training
• Post-activity soreness should resolve within 24 hours
• Continue hamstring strengthening. Progress toward higher velocity
strengthening and reaction in lengthened positions, including eccentric
strengthening with single leg forward leans with medicine ball, single leg
dead lifts with dumbbells, single leg bridge curls on physioball, resisted
running foot catches, and Nordic curls
• Running and sprinting mechanics and drills
• Hip and core strengthening
• Impact control exercises beginning 2 feet to 2 feet, progressing from 1
foot to other and then 1 foot to same foot
• Movement control exercise beginning with low velocity, single plane
activities and progressing to higher velocity, multi-plane activities
• Sport/work specific balance and proprioceptive drills
• Stretching for patient specific muscle imbalances
Replicate sport- or work-specific energy demands
• Dynamic neuromuscular control with multi-plane activities at high
velocity without pain or swelling
• Pain-free and unrestricted participation in work- or sport-specific
activities
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Questionnaires
Questionnaires included the Perth Hamstring Assessment Tool (PHAT)[2], Proximal Hamstring Injury
Questionnaire (PHIQ)[3], EQ-5D-3L, and Tegner Activity Scale (TAS)[4]. The PHAT (0-100, a higher
score corresponds with better outcome) consists of four questions on symptoms of pain/discomfort
and level of activity specific for proximal hamstring tendon injury. It has been validated and has high
reproducibility (ICC: 0.84). The minimal detectable change was determined at 16.4 points[2]. The
PHIQ is a hamstring avulsion-specific questionnaire that surveys proximal hamstring tendon-specific
symptoms, functional restrictions, subjective rate of recovery, and sports participation. It consists of
11 predominantly nominal questions. The EQ-5D-3L is a quality-of-life questionnaire consisting of five
nominal questions surveying different domains (mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression), and one question to rate quality of life on a visual analogue scale (0-100, a
higher score corresponds with better outcome). The TAS expresses the level of activity as a number
(0-10, a higher score indicates a higher level of activity).
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Clinical tests
Hamstring flexibility
Tests to evaluate hamstring flexibility and strength were carried out by five male testers. All received
training and practiced until they were familiar with the tests and able to carry out the testing
independently. Hamstring flexibility was measured using the Goniometer app for iOS [5] in two
supine positions: the passive straight leg raise (PSLR) and active knee extension test (AKET). Interrater reliability for the PSLR and AKET are moderate and good with intraclass correlation coefficients
(ICCs) of 0.74 [6] and 0.89 [7]. The PSLR was performed by passively lifting the leg while ensuring full
knee extension with the goniometer mid-shin on the anterior tibial margin. We recorded range of
motion (i.e. hip flexion) between starting position and the position where the patient reported onset
of pain, maximal tolerable stretch, or when the examiner noted start of pelvic rotation. The AKET was
performed by positioning the examined leg in 90 degrees hip and knee flexion. The patient was asked
to hold the thigh in this position with both hands just proximal to the knee and to actively extend the
knee. Range of motion (i.e. knee extension) from starting position to the point of onset of pain or
maximal tolerable stretch was recorded.

Isometric knee flexor strength assessment
Isometric knee flexor strength was assessed with a Hoggan MicroFET2 hand-held dynamometer
(Hoggan Scientific, LLC, Salt Lake City, UT, USA). We measured strength in three positions: prone 0/90
(°hip flexion/°knee flexion), prone 0/15, and supine 90/90 [8,9]. Previously reported inter-rater
reliability for these positions is good with ICCs of 0.76-0.84 [8,9]. Patients were verbally encouraged
to perform a maximal voluntary contraction for 3 seconds while the tester held the dynamometer in
place. We recorded the best of three efforts per position per leg in Newtons. If a patient reported
onset of pain (pain score ≥3/10), that specific measurement was terminated.
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MRI protocol
Images were acquired using a Philips 3.0T Ingenia system and an anterior body coil. The MRI protocol
in our center included coronal T2 mDixon (repetition time [TR]/echo time [TE] 2000-6000/60 ms,
field of view [FOV] 450x450 mm, slice thickness 4 mm, and matrix 820x651) and axial T2 TSE
(proximal and distal, TR/TE 2500-6000/70 ms, FOV 450x250 mm, slice thickness 2.5 mm, and matrix
900x360) and PD mDixon drive (TR/TE 2000-3500/’shortest’ ms, FOV 400x450 mm, slice thickness 3.5
mm, and matrix 800x699) images. A range in TR/TE indicates that actual repetition time will be
calculated based on the number of slices. ‘Shortest’ TR/TE indicates that the shortest possible TE will
be used.
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Statistical analysis
Covariates included in post-hoc analysis
Age, level of participation, days from injury to start of treatment, hamstring flexibility, isometric
hamstring strength, side of injury, tendon(s) with proximal full-thickness free tendon discontinuity,
tendon retraction, sciatic nerve aspect, Tegner Activity Scale score (before injury).

Post-hoc analysis: Time variables as covariates
As between-group differences at baseline could potentially be attributed to timing of the initial visit,
we repeated this sensitivity analysis with ‘time between injury and initial visit’ as covariate instead of
‘time between injury and start of treatment’, as well as the combination of both, to explore whether
our choice of included time variable impacted outcome.
Using ‘time between injury and initial visit’ as covariate instead of ‘time between injury and start of
treatment’: The adjusted increase in mean PHAT score after one year in the operative group was 44
(95%CI: 37-51, p<0.001) and 40 (95%CI: 32-47, p<0.001) in the non-operative group.
Using both time variables as covariates: The adjusted increase in mean PHAT score after one year in
the operative group was 45 (95%CI: 36-54, p<0.001) and 39 (95%CI: 30-48, p<0.001) in the nonoperative group.

Post-hoc analysis: Best- & worst-case scenario analyses
For patients lost to follow-up, data from the last observation were carried forward. Additional best/worst-case scenario analyses were performed in which highest and lowest values were entered for
missing PHAT values.
In the operative group, three of 26 (12%) patients were lost to follow-up after 6 months. In the nonoperative group, one of 33 (3%) was lost to follow-up after start of treatment, one (3%) at 2 months,
and one (3%) at 6 months.
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In the best-case scenario analysis, unadjusted increase in PHAT score was 52 (95%CI: 44-60) for
operative and 38 (95%CI: 31-45) for non-operative treatment.
In the worst-case scenario analysis, unadjusted increase in PHAT score was 40 (95%CI:28-53) for
operative and 29 (95%CI: 18-40) for non-operative treatment.
In both scenarios the within-group increase was statistically significant (p<0.001), but there were no
significant between-group differences in PHAT score at 1-year follow-up.

Estimated sample sizes for future (randomised) trials
The data from the current study may assist in sample size/power calculations for future (randomised)
trials. We present estimations for sample size for superiority and non-inferiority designs below. Note
that these are simple examples that may be different based on methodological and statistical
considerations in future studies. Calculations were performed using nQuery (Statsols, Cork, Ireland).
In these examples the significance level is set at 5% and power at 80%. For relevant between-group
difference in PHAT increase we have used both 10.0, which is 10% on the PHAT scale, and 16.4,
which is the MDC (minimal detectable change) [2] and thus the minimum change required to be 95%
confident that real clinical change has occurred. The standard deviation for PHAT increase is 21.4,
17.7 in the operative and 22.5 in the non-operative group.

Superiority trial
In a hypothetical study with the aim of evaluating whether operative treatment is superior to nonoperative treatment in terms of increase in mean PHAT score, the following sample size calculations
may be used:
-In a (two-sided) Z-test for two means, a study group with 65 patients in the operative and 65
patients in the non-operative group achieves 80.4% power at the 5% significance level when the
difference in PHAT increase under the alternative hypothesis is 10.0, with standard deviations in the
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operative and non-operative group of 17.7 and 22.5, respectively. Assuming a dropout rate of 15%,
the preferred sample size would be 154 patients.
-In a (two-sided) Z-test for two means, a study group with 24 patients in the operative and 24
patients in the non-operative group achieves 80.1% power at the 5% significance level when the
difference in PHAT increase under the alternative hypothesis is 16.4, with standard deviations in the
operative and non-operative group of 17.7 and 22.5, respectively. Assuming a dropout rate of 15%,
the preferred sample size would be 56 patients.

Non-inferiority trial
In a hypothetical study with the aim of evaluating whether non-operative treatment is not inferior to
operative treatment in terms of increase in mean PHAT score, the following sample size calculations
may be used:
-A two-group (one-sided) t-test with 58 patients in the operative and 58 patients in the nonoperative group achieves 80% power at the 5% significance level to reject the null hypothesis that
non-operative and operative treatment are not non-inferior (the difference in means is -10.0 or
farther from zero in the same direction) in favour of the alternative hypothesis that the means of the
two groups are non-inferior, assuming that the expected difference in means is 0 and the common
standard deviation is 21.4. Assuming a dropout rate of 15%, the preferred sample size would be 138
patients.
-A two-group (one-sided) t-test with 22 patients in the operative and 22 patients in the nonoperative group achieves 80% power at the 5% significance level to reject the null hypothesis that
non-operative and operative treatment are not non-inferior (the difference in means is -16.4 or
farther from zero in the same direction) in favour of the alternative hypothesis that the means of the
two groups are non-inferior, assuming that the expected difference in means is 0 and the common
standard deviation is 21.4. Assuming a dropout rate of 15%, the preferred sample size would be 58
patients.
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