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Abstract

Purpose To compare outcome of operative and non-operative treatment of avulsion fractures of the hamstring origin, with
minor (< 1.5 cm) and major (> 1.5 cm) displacement, and early (<4 weeks) and delayed (>4 weeks) surgery.

Methods A systematic literature search was performed using PubMed, Cochrane, Embase, CINAHL and SPORTDiscus. A
quality assessment was performed using the Physiotherapy Evidence Database (PEDro) scale.

Results Eight studies with 90 patients (mean age: 16 years) were included. All studies had low methodological quality
(PEDro score <5). Operative treatment yielded a return to preinjury activity rate (RTPA) of 87% (95% CI: 68-95), return to
sports (RTS) rate of 100% (95% CI: 82-100), Harris hip score (HHS) of 99 (range 96-100) and a University of California
Los Angeles activity scale (UCLA) score of 100%. Non-operative treatment yielded a RTPA rate of 100% (95% CI:68-100),
RTS rate of 86% (95% CI: 69-94), HHS score of 99 (range 96—100), and non-union rate of 18% (95% CI: 9-34). All patients
with minor displacement were treated non-operatively (RTPA: 100% [95% CI: 21-100], RTS: 100% [95% CI: 51-100]). For
major displacement, operative treatment led to RTPA and RTS rates of 86% (95% CI: 65-95) and 100% (95% CI: 84-100),
and 0% (0/1, 95% CI: 0-79) and 100% (95% CI: 51-100) for non-operative treatment. Early surgery yielded RTPA and RTS
rates of 100% (95% CI: 34—100 & 57-100) compared to 100 (95% CI: 72-100) and 90% (95% CI: 60-98) for delayed repair.
Conclusion All included studies have high risk of bias. There is only low level of evidence with a limited number of included
patients to compare outcome of operative and non-operative treatment. Overall outcome was satisfactory. There is a treat-
ment selection phenomenon based on displacement, with acceptable outcome in both groups. There is insufficient data to
draw conclusions regarding timing of surgery.

Level of evidence IV
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Introduction

Electronic supplementary material The online version of this An avulsion fracture involves the forceful detachment of
article (https://doi.org/10.1007/500167-020-06222-y) contains a bony fragment at the insertion of a tendon or ligament
supplementary material, which is available to authorized users. . . .

[10, 16]. At the proximal hamstring attachment, this type
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apophysis is a secondary ossification center and represents
the weakest element of the muscle—tendon-bone attachment
in skeletally immature patients [4] due to incomplete closure.
While full closure does not occur until late adolescence [7,
10, 11, 18] avulsion fractures of the pelvis most frequently
occur among younger athletes; 95% of these injuries occur
between 13 and 17 years of age [1, 4, 8, 18].

Two recent systematic reviews [3, 4] on treatment out-
come of pelvic avulsion fractures showed an overall higher
‘excellent outcome’ rate and return to sports (RTS) rate com-
pared to non-operative treatment. Both reviews concluded
that, especially in patients with high functional demand and
with a fragment displacement greater than 1.5 cm, operative
repair should be considered [3, 4].

Study selection

Selection of potentially eligible studies was performed using
web app Rayyan [12] (QCRI, Doha, Qatar). Duplicates were
removed. Using the eligibility criteria in Fact box 1, two
reviewers (HIAN & ADM) independently assessed article
eligibility based on title and abstract, followed by assess-
ment of full-texts. If there was any doubt regarding eligibil-
ity based on screening of title and abstract, the study was
moved forward to full-text screening. If no consensus was
reached after assessing the full-text, a third reviewer was
available. Citation tracking of included full-texts was per-
formed after screening of full-texts. For any full-text that was
not available, authors were contacted by email.

Fact box 1: Eligibility criteria
Inclusion criteria:
- Clinical trials

Exclusion criteria:
- Non-human subjects

- Casereports

- Patients with an avulsion fracture of the ischial tuberosity or ischial apophysis
- Operative or non-operative treatment was described
- Outcome was reported using clinical and/or imaging endpoints

- Full-text not available in English or Dutch

- Outcome for proximal avulsion fractures of the hamstring origin not reported

The main limitation of these two recent reviews is that
they did not distinguish between different avulsion fracture
sites and thus did not report separate data for avulsion frac-
tures of the hamstring origin.

The main aim of this review was to evaluate clinical and
radiological outcome of operative and non-operative treat-
ment for proximal avulsion fractures of the hamstring origin.
Secondary aims were to assess outcome for minor (< 1.5 cm)
and major (> 1.5 cm) fragment displacement, as well as early
(<4 weeks) and delayed (>4 weeks) surgery. Our hypothesis
was that operative treatment yields superior clinical outcome,
especially in avulsion fractures with displacement >1.5 cm.
We expected early surgery to yield better clinical outcome
than delayed surgery.

Materials and methods

Search strategy

A literature search using PubMed, Cochrane, Embase,
CINAHL and SPORTDiscus was performed to identify
potentially eligible articles up to 12 December 2019. There

was no restriction on publication date. The search strategy
per database can be found in the supplementary appendix.
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Data extraction and synthesis

Relevant data was extracted independently by two authors
(HJAN & ADM) using a standardised data extraction form.
This form included study design, study population, dura-
tion of follow-up, avulsion fragment displacement, treatment
modality, complications, and outcome measures. In case of
uncertainties, a third author was consulted. Outcome meas-
ures that were used in multiple included studies were pooled.

Risk of bias assessment

To assess the risk of bias of the included studies, The PEDro
Scale [17] was used by us. Assessment was done indepen-
dently by two reviewers (HJAN & ADM). In case consensus
was not reached, assessment by a third reviewer was decisive.
The PEDro scale uses eleven items (Fact box 2) to score the
methodological quality of the included studies. Each appraisal
item could be scored with ‘no’ or ‘yes’. The first item of the
scale relates to external validity and is not included in the final
score. This means that the final score (0-10) is calculated
using items 2—11. A PEDro score of > 6 indicates a low risk
of bias (i.e., high-quality) study. A score of <5 indicates a high
risk of bias study (i.e., low-quality study).
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Fact box 2

Physiotherapy Evidence Database (PEDro) Scale
Item Description
1 Eligibility criteria were specified.
2 Patients were randomly allocated to groups.
3 Allocation was concealed.
4 The groups were similar at baseline regarding the most important prognostic indicators.
5 There was blinding of all Patients.
6 There was blinding off all therapists who administered the therapy.
7 There was blinding of all assessors who measured at least 1 key outcome.
8 Measures of at least 1 key outcome were obtained from more than 85% of the patients

initially allocated to groups.

9 All patients for whom outcome measures were available received the treatment or
control condition as allocated or, where this was not the case, data for at least 1 key
outcome were analyzed by “intention to treat.”

10 The results of between-group statistical comparisons are reported for at least 1 key
outcome.

11 The study provides both point measures and measures of variability for at least 1 key
outcome.

Fig. 1 Flowchart of study
selection

586 studies from: PubMed, Cochrane, Embase, CINAHL and SPORTDiscus

v
[ 291 studies J —b [ Excluding duplicates (n = 295 excluded) ]
: Second screening: Title and abstract
49 studies > (n =242 excluded)

[ 7 studies J Third screening: Full text (n = 42 excluded)\
- Case-report (n=12)

- Full text not available (n = 6)

- Review (n=4)

- No bony avulsion (n=7)

- No outcome reported (n =4)

- No treatment described (n = 6)

- Treatment other condition (n = 2)

\ - Overlap (n=1) J

v

Included studies _— .
(n=8) «— Citation check: One more study was included!*
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Table 1 (continued)

Outcome second-
ary operative

Outcome opera-

tive

Outcome non-
operative

Outcome meas-

Timing of surgery Intervention Displacement
(<4 or>4 weeks) ure

Patients, sex,

Study design

Study

(<1.5/>1.5 cm)

weighted mean

age

(follow-up in
months)

83% Excellent

Outcome grad-

NR

NO: 6
0:0

N/A

6 (out of 27)

Case series (>18) N

Metzmaker and

(5/6)
17% Good (1/6)

100% (6/6)

ingt

5
15 (range

13- 17)

I,M=

F=

Pappas [10]

A=

RTS

100% (6/6)

RTPA

RTS return to sports, RTPA return to pre-injury activity level, HHS Harris Hip score, UCLA University of California Los Angeles activity scale, TAS Tegner Activity Scale, NR not reported, N

sample size, F/M female/male, A mean age (years), No non-operative, O operative, SO secondary operative. °No outcome reported on non-operative treatment prior to secondary operation. TFor

grade definitions per study, see Table 3

Evidence synthesis

Data from studies with low risk of bias will be pooled
if available from multiple studies. If no studies with low
risk of bias are available, data from studies with high risk
of bias will be pooled. If data cannot be pooled, a best
evidence synthesis will be done.

For pooled outcomes given as a proportion, 95% con-
fidence intervals (95% CI, binomial proportion) using a
Wilson score interval were calculated by us. If 95% confi-
dence intervals overlapped indicating absence of statisti-
cally significant differences, no further statistical testing
of between-group differences was performed.

Results

The literature search identified 586 potentially eligible study.
After study selection, 8 studies were included [2, 5, 6, 9, 10,
13-15] (Fig. 1).

Study characteristics

The eight included studies were all case series (Table 1),
with a total of 90 patients and a weighted mean age of
16 years (range in study means 14—19). Gender was reported
for 79 patients (13 females and 66 males). Operative treat-
ment was chosen in 27 patients and 63 patients were treated
non-operatively.

Risk of bias assessment

The outcome of the risk of bias assessment is shown in
Table 2. All assessed articles scored <5 and were consid-
ered to have high risk of bias, mainly due to the absence of
blinding, randomization and control groups.

Outcome measures

Outcome measures used in the included studies were return
to sports rate (RTS), return to preinjury activity rate (RTPA),
outcome grading based on a 4-point outcome grading system
shown in Table 3 (poor, moderate, good, excellent) [2, 5, 6,
9, 10, 13-15], Harris hip score (HHS) [5], rate of non-union
[5, 13], Tegner Activity Scale (TAS), and University of Cali-
fornia Los Angeles (UCLA) activity scale [2].

Outcome following operative and non-operative
treatment

Operative treatment was chosen in 27 patients (6 studies)

and non-operative treatment in 63 patients (5 studies). Out-
come per group is presented in Table 4. Fourteen patients

@ Springer
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Table2 Risk of bias assessment gy, q, 1 2 3 4 5 6 7 8 9 10 11 Totalscore

of the included Studies using

the PEDro Scale [17] Shyamalan and Bircher [14] Yes No No No No No No Yes Yes No No 2/10
Kujala et al. [9] Yes No No No No No No Yes Yes No No 2/10
Sinikumpu et al. [15] Yes No No No No No No Yes Yes Yes No 3/10
Ferlic et al. [5] Yes No No No No No No Yes Yes No Yes 3/10
Biedert et al. [2] Yes No No No No No No Yes Yes No No 2/10
Schuett et al. [13] Yes No No No No No No No Yes Yes No 2/10

Gidwani and Bircher [6] No No No No No No No Yes Yes No No 2/10
Metzmaker and Pappas [I0] Yes No No No No No No Yes Yes No No 2/10

Table 3 Outcome grading system as reported by the different studies

Study Excellent Good Moderate/fair Poor
Kujala et al. [9] All sports possible without = Some pain in strenuous Patient had to stop
limitations and pain sports competitive sports, but

no severe limitations in
normal life

Sinikumpu et al. [15] Ability to return to preinjury sports level Inability to return to Discomfort in activities of
preinjury activity level, daily living
because of significant
pain and discomfort
during such activity with
only minor symptoms
during daily activities

Ferlic et al. [5] Sports activities possible Occasional pain dur- Impossibility to perform
without restrictions ing sports and/or daily sports activities
routine
Metzmaker and Pappas Full return to preinjury Return to preinjury sport  Able to return to competi-  Unable to return to compe-
[10] status within 4 months but continued to report tion, but nor at the previ- tition at any level due to
an intermittent local ach-  ous level weakness or pain

ing sensation

Table 4 Outcomes for operative, non-operative and secondary operative treatment for avulsion fractures of the hamstring origin

Treatment

Non-operative Operative Secondary operative
Outcome grading: goodto  83% (95% CI: 66-93) (25/30) 85% (95% CI: 64-95) (17/20) 88% (95% CI: 53-98) (7/8)

excellent

RTPA 100% (95% C1:68-100) (8/8) 87% (95% CI: 68-95) (20/23) -
RTS 86% (95% CI: 69-94) (24/28) 100% (95% CI: 82-100) (18/18) 88% (95% CI: 53-98) (7/8)
HHS Mean 99 (range 96-100) Mean 99 (range 96—100)
Non-union 18% (95% CI: 9-34) (6/33) - -
UCLA score - 100% -

RTPA return to pre-injury activity level, RTS return to sports, HHS Harris Hip score, UCLA University of California Los Angeles (activity
scale), NR not reported

that were initially treated non-operatively proceeded to ~ An RTPA rate of 87% (20/23) and RTS rate of 100% (18/18)
undergo secondary operative treatment. Excluding these  in the operative group, compared to 100% (8/8) and 86%
cases, operative repair led to good-to-excellent outcome  (24/28) in the non-operative group, was calculated. Non-
in 85%, compared to 83% after non-operative treatment. ~ unions were only reported in the non-operative group, and

@ Springer
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Table 5 Outcome of operative
and non-operative treatment

Fragment displacement

of avulsion fractures of the

<1.5cm

>1.5cm

hamstring origin with minor

(< 1.5 cm) and major (> 1.5 cm) Operative
displacement) RTPA - 86% (95% CI. 65-95) (18/21)
RTS - 100% (95% CI: 84-100) (20/20)
Non-operative
RTPA 100% (95% CI: 21-100) (1/1) 0% (95% CI: 0-79) (0/1)
RTS 100% (95% CI: 51-100) (4/4) 100% (95% CI: 51-100) (4/4)

RTPA Return to Pre-injury Activity level. RTS: Return to Sports

Table 6 Outcome of early (<4 weeks after injury) and delayed
(>4 weeks after injury) surgery

Timing of surgery

Early (<4 weeks) Delayed (>4 weeks)

RTPA  (2/2) 100% (95% CI: 34-100) (10/10) 100% (95% CI:

72-100)

RTS (5/5) 100% (95% CI: 57-100  (9/10) 90% (95% CI: 60-98)

RTPA return to pre-injury activity level, RTS return to sports

occurred in 18% (6/33). There was no difference between
the groups in terms of mean HHS (both 99, range 96—100).
The UCLA score was 100%, but was only reported in three
patients in the operative group.

Outcome of secondary operative treatment

For 8 patients that underwent secondary operative treatment
outcome was reported separately, and a RTS rate of 88% was
calculated. Reported causes of unsatisfying results in these
patients were non-union, hamstring syndrome, pseudotumor,
calcified fragments and sciatic nerve entrapment.

Outcome of treatment and fragment displacement

Six studies (N=37) reported extent of fragment dis-
placement. Patients were divided in two groups: < 1.5 cm
(N=5)and > 1.5 cm (N=32) displacement (Table 5). All
5 patients with < 1.5 cm displacement were treated non-
operatively, with a RTPA rate of 100% (1/1) and RTS rate
of 100% (4/4). Thirty-two patients had a displacement
of > 1.5 cm from which 27 (84%) were treated operatively
and 5 (16%) were treated non-operatively. The operated
treatment group had RTPA and RTS rates of 86% (18/21)
and 100% (20/20). In the non-operative treatment group,
the RTPA and RTS rates were 0% (0/1) and 100% (4/4).

Outcome of treatment and timing of surgery

In five studies (N=24), both timing of surgery and treat-
ment outcome were reported (Table 6) [2, 5, 6, 9, 14]. Six
patients underwent early surgery (<4 weeks post injury),
and all (100%) returned to pre-injury activity level (2/2) and
returned to sports (5/5).

Eighteen patients underwent delayed surgery (>4 weeks
post injury), with RTPA and RTS rates of 100% (10/10) and
90% (9/10).

Discussion

The most important finding of the present study was that
only studies with high risk of bias (PEDro score <5) and
a limited number of included patients were available to
compare treatment outcome of operative and non-operative
treatment for avulsion fractures of the hamstring origin. The
clinical outcome in both groups was satisfactory with high
RTPA and RTS rates. The comparison is further limited by
the fact that avulsion fractures with minor (< 1.5 cm) frag-
ment displacement were all treated non-operatively indicat-
ing a selection phenomenon. Given the low level of evi-
dence, it remains unclear which intervention is preferred.
This review serves to provide an overview of currently avail-
able literature for clinicians and has identified the gaps in
current evidence for future research efforts.

Overall, both operative and non-operative treatment
resulted in satisfactory outcome. The group with minor avul-
sion fragment displacement (< 1.5 cm) had good outcome
with non-operative treatment, but no data is available to
compare it to outcome of operative treatment in this group.
In the group with major (> 1.5 cm) fragment displacement,
outcome in terms of RTS and RTPA are generally accept-
able. For timing of operative repair, early repair (<4 weeks)
resulted in RTS and RTPA rates similar to the delayed repair
(>4 weeks) group, but data is scarce.

There are no other systematic reviews that have investi-
gated outcome of avulsion fractures of the hamstring origin
in isolation. Eberbach et al. [4] pooled all pelvic avulsion
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fractures and reported overall success rates of 88 and 79%
for operative and non-operative treatment, respectively
(n.s.). In addition, RTS rates of 92 and 80% were reported
(p=0.03). The review of Calderazzi et al. [3] reported simi-
lar findings. Operative treatment resulted in a RTS rate of
95% compared to 90% for non-operative treatment. The
authors advocated operative treatment for avulsion fractures
with greater fragments and major displacement.

These results appear to be in line with our findings in
avulsion fractures of the hamstring origin. For the relation-
ship between extent of avulsion fragment displacement and
treatment outcome, the same cut-off of 1.5 cm as Eberbach
et al. [4] was used. Their review concluded that avulsion
fractures with less than 1.5 cm displacement could be treated
non-operatively. Operative treatment was recommended for
avulsion fractures with more than 1.5 cm displacement. In
the current systematic review, avulsion fractures with minor
displacement were treated non-operatively with satisfactory
outcome. The comparison with operative repair in this group
could not be made due to absence of reported data. Opera-
tive and non-operative treatment of avulsion fractures with
more than 1.5 cm displacement appear to result in similar
outcome but it should be noted that the sample size in the
non-operative group is very small. Both early and delayed
surgery yielded high RTS and RTPA rates.

All included studies in this review were scored as low-
quality. There was no randomization, blinding or compari-
son used which causes a high risk of (e.g., selection) bias. A
selection phenomenon, where treatment choice was seem-
ingly based on the extent of avulsion fragment displacement
which impeded a proper comparison, was noted. Another
issue introducing bias is the lack of data on the initial and
apparent non-satisfactory outcome of non-operative treat-
ment in patients that underwent secondary operative treat-
ment. In addition, the (sub)group sizes were too small to
draw firm conclusions regarding the < 1.5 cm group and
timing of surgery. There was notable variation in treatment
protocols used in the various studies. This is, however, the
first systematic review investigating outcome of operative
and non-operative treatment for proximal hamstring avulsion
fractures separately.

Implications for clinical practice and future research

In current practice, where avulsion fractures with minor
(< 1.5 cm) displacement are treated non-operatively and
majorly displaced (> 1.5 cm) avulsion fractures are pre-
dominantly treated with operative repair, overall outcome
is satisfactory. Due to paucity of data and high risk of bias
it remains unclear which treatment should be advised in the
individual patient. On the one hand, these findings can be
viewed as a confirmation of currently employed treatment
decision-making based on the amount of displacement. Still,

@ Springer

the need for comparative prospective studies and ideally ran-
domized controlled trials is underlined to allow for a proper
comparison and, by extension, development of evidence-
based treatment protocols. In the meanwhile, our findings
can be used to inform patients about expected outcome and
guide shared-decision making.

Conclusion

All included studies have high risk of bias. Thus, there is
only low level of evidence with a limited number of included
patients to compare outcome of operative and non-operative
outcome for proximal avulsion fractures of the hamstring
origin. Overall, satisfactory outcome was found in both
groups with high RTPA and RTS rates. A selection phe-
nomenon in which treatment is chosen based on the amount
of avulsion fragment displacement, resulting in acceptable
outcome in both groups, was noted. There was insufficient
data to conclude whether a difference exists between early
and delayed surgery.
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