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Background: Traditionally, postoperative rehabilitation protocols after proximal hamstring repair (PHR) for avulsion of the prox-
imal hamstring tendon from its ischial insertion recommend bracing the hip and/or knee to protect the fixation. However, because
of the cumbersome nature of these orthoses, recent studies have investigated outcomes in patients with postoperative protocols
that do not include any form of postoperative bracing.

Purpose: To synthesize the current body of evidence concerning bracing versus nonbracing postoperative management of PHR.
Study Design: Systematic review; level of evidence, 4.

Methods: Using PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) guidelines, we conducted
a thorough search of the PubMed/Medline, Cochrane, CINAHL (Cumulative Index to Nursing and Allied Health Literature), and
Embase (OVID) databases on March 24, 2023. We analyzed complication rates, reoperation rates, patient satisfaction, return
to sport, and patient-reported outcomes of studies that used postoperative bracing versus studies that used no postoperative
bracing after PHR with at least 12 months of follow-up. A total of 308 articles were identified after initial search.

Results: In total, 25 studies were included in this review: 18 studies (905 patients) on bracing and 7 studies (291 patients) on non-
bracing after PHR. The overall complication rate in the braced patients was found to be 10.9%, compared with 12.7% in non-
braced patients. The rate of reoperation due to retear of the proximal hamstring was found to be 0.05% in braced patients
and 3.1% in nonbraced patients. Patient-reported outcome measures were found to be higher at the final follow-up in braced
versus nonbraced patients, and patient satisfaction was found to be 94.7% in braced studies compared with 88.9% in nonbraced
studies. The rate of 12-month return to sport in athletic patients was 88.4% with bracing and 82.7% without bracing.

Conclusion: The findings of this review demonstrated lower complication and reoperation rates, higher patient-reported outcome
scores, higher patient satisfaction, and a higher rate of return to sport in braced patients compared with nonbraced patients.
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Injury of the proximal hamstring may involve partial or
complete rupture of any combination of the semimembra-
nosus, semitendinosus, and biceps femoris tendons from
their attachment site on the ischial tuberosity.3® Proximal
hamstring rupture and avulsion make up 10% of all ham-
string injuries.?>?8 Although they make up a minority of
hamstring injuries, which more often occur at the intramus-
cular or musculotendinous junction, they are associated
with significant disability if misdiagnosed or missed on eval-
uation.”!” The mechanism of injury is most often a noncon-
tact event in sports. However, proximal hamstring tendon
rupture has been reported in a number of slip-and-fall
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accidents as well.'>*” Avulsion or rupture of the proximal
hamstring tendon is thought to occur in the rapid transition
to the swing phase during running because of the brisk
eccentric lengthening that imparts a supramaximal load
on the proximal hamstring tendon or its attachment to the
ischial tuberosity.!%1%238 The severity of these injuries is
often defined using imaging-based criteria.'®

Although nonsurgical intervention (ie, physical ther-
apy) is sometimes indicated for single-tendon tears with
<2 cm of retraction, surgical repair has been shown to be
superior in terms of return to sport or activity according
to a large systematic review of 75 studies by Rudisill
et al.1*3%334% Endoscopic repair is being performed with
increasing frequency and has been shown to have similar
outcomes to open repair.z&35 Postoperative management
is highly variable, with the majority (71%) of protocols rec-
ommending some form of locked hip and/or knee bracing to
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protect the integrity of the repair.2”?® Furthermore, brac-
ing protocols reported in the literature are heterogeneous
regarding day versus day and night bracing and length of
time that bracing is used postoperatively, making compari-
son difficult. A prior biomechanical study demonstrated that
cyclical loading at forces calculated for sprinting caused fail-
ure of sutures in cadaveric models.'® However, these loads
approximated forces associated with sprinting and are
therefore not generalizable to the basic activities of daily liv-
ing. Additionally, with complication rates reported as high
as 29.38% in some studies, the argument for bracing may
be born out of a concern for caution.’?

However, patients often find these braces cumbersome
and limiting to their early return to the activities of daily
living.2® For this reason, recent studies have investigated
outcomes in patients who did not have any form of immo-
bilization after surgery. In light of the shifting paradigm
regarding postoperative management of proximal ham-
string repairs (PHRs), the primary goals of this systematic
review were (1) to describe and analyze the current body of
literature on postoperative PHR management regarding
bracing or nonbracing and (2) to compare the outcomes of
patients who used postoperative bracing with those who
did not. We hypothesized that the clinical outcomes would
be similar between the bracing and nonbracing postopera-
tive protocols.

METHODS

This was a systematic review of studies published before
March 24, 2023, that have investigated outcomes after
PHR. This study followed the PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses)
guidelines for self-reporting. This review was registered
on PROSPERO (CRD42023422770). A single author
(J.C.) searched the PubMed/Medline, Cochrane, CINAHL
(Cumulative Index to Nursing and Allied Health Litera-
ture), and Embase (OVID) databases on March 24, 2023.
The search strategy using MeSH terms was as follows:
(((hamstring OR hamstrings OR “Hamstring Tendons”
[Mesh] OR “Hamstring Muscles”[Mesh]) AND proximal)
AND (rupture* OR tear* OR avulsion* OR lesion*)) AND
(repair OR surgical OR surgery))). Duplicate papers were
excluded automatically from the initial search results.

Screening and Inclusion and Exclusion Criteria

Three reviewers (P.W., T.D.H., and H.M.H.) independently
screened all articles from the initial search using this
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review’s inclusion and exclusion criteria. Each study was
first reviewed by title and abstract. The full text of the
studies that passed the initial screen was then assessed
for final inclusion. Conflicts were resolved by a majority
count from the 3 screening authors. Inclusion criteria
were as follows: comparative or noncomparative studies,
studies that assess any outcome after PHR, studies that
explicitly state whether postoperative bracing was used or
not used, at least 1 year of follow-up with participants,
and at least 10 participants. Exclusion criteria were as fol-
lows: case reports, nonhuman (including cadaveric) studies,
nonprimary PHR, <1 year of follow-up, no mention or ambi-
guity of whether bracing was or was not used, unclear num-
ber of participants who were braced versus unbraced, non-
English papers, and studies with <10 patients.

The initial search returned 308 studies. Six duplicates
were removed, leaving 302 papers for title and abstract
screening. Then, 257 papers were excluded during title
and abstract screening, leaving 45 papers for final full-
text review. After full-text review, 26 studies® were deter-
mined to meet inclusion criteria and were included in the
primary analysis of this systematic review. All the studies
were classified as having used some form of bracing or no
form of bracing. The study inclusion and exclusion process
is illustrated in Figure 1.

Data Extraction

Data were extracted independently by 3 authors (P.W.,
T.D.H., and HM.H.). The data extracted from each article
included the study design, baseline patient characteristics,
any reported outcomes (eg, patient-reported outcome
scores, imaging, strength, range of motion, and patient sat-
isfaction), and any reported complications. Of note,
whether repairs were considered acute or chronic was
left up to the definition of those respective terms as pro-
vided by the authors of each study.

Quality Assessment

During the data extraction process, each included study
was assessed for risk of bias using the Newcastle-Ottawa
Scale*? for cohort studies and the Quality Assessment
Tool for Case Series Studies (QATCSS), published by the
National Institutes of Health.*3
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TABLE 1
Comparison of Braced and Nonbraced Studies®

Braced Studies (n = 19

Characteristic studies; 905 patients)

Nonbraced Studies (n = 7
studies; 291 patients)

Age of patients, y 46.1 (29.2-64.2)

Length of follow-up, mo 47.4 (12-78)

Repairs, acute/chronic? 583/293

Overall complication rate 10.9%

Complications e Nerve injury in sciatic distribution
(n = 90)>61219,21,22,20,36,45,46

Wound infection (n =
Rerupture (n = 5)1194°
DVT (n = 2)!9:36.45

Hematoma (n = 2)2%4°

CRPS (n = D*

Overall reoperation rate® 05%

7)1,6,19,20,45

[
°
[ ]
°
e Chronic draining sinus tract (n = 1)
[
0.

36.8 (15.1-51)

47.9 (30-102)

133/157

12.7%

e Nerve injury in sciatic distribution (n = 12)2%2631,38.41
Wound infection (n = 10)%18:26:38.41

Rerupture (n = 9)25,26,38

DVT (n — 2)25,38
Osteomyelitis (n = 1
Partial wound dehiscence (n = 1)38
Seroma (n = 1)%8

Hypertrophic scarring (n = 1)%6
3.1%

)25

“Data are reported as mean (range), n, or percent. CRPS, chronic regional pain syndrome; DVT, deep vein thrombosis.
*The cutoff for acute and chronic repairs differed among studies. It ranged from 3 to 6 weeks between injury and operation.

‘Reoperation due to rerupture.
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Less than 10 subjects (n = 3)
Non-English manuscript (n = 1)
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Unclear regarding bracing (n = 2)
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Included studies ongoing (n = 0)
Studies awaiting classification (n = 0)

E | Studies included in review (n = 26) |

Figure 1. PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flowchart showing the study
inclusion and exclusion process.

RESULTS

Study Characteristics

Of the 26 included articles, 7 studies®!825:26:31.3841 (5
291 patients) reported on nonbracing postoperatively,
and 19 studies! (n = 985 patients) reported on some form
of postoperative bracing. Five of the studies on bracing
used hip bracing to limit excessive hip flexion

IReferences 1-3, 6, 8, 9, 12, 19-22, 24, 29, 34, 36, 37, 39, 45, 46.

postoperatively,>1236:3945 17 of the studies used a knee
brace to limit excessive knee extension,!?88919-2224:34
and 2 of the studies®**” used combined hip and knee bracing
to limit both excessive knee extension and hip flexion. Table
1 further summarizes the characteristics of the braced and
nonbraced studies, including complication rates.

Of the 26 included articles, 14 were retrospective case
series, of which 12 studies' were determined to have
a low risk of bias according to the QATCSS and 2 stud-
ies?43¢ were considered to have a high risk of bias. The
remaining 12 articles” were cohort studies, all of which
were considered to have a low risk of bias according to
the Newcastle-Ottawa Scale.

Patient-Reported Outcome Measures

Many patient-reported outcome measures were used
among the 26 studies, but the Lower Extremity Functional
Scale (LEFS) and the Perth Hamstring Assessment Tool
(PHAT) were the only 2 that were used in both braced
and nonbraced studies. In the two nonbraced studies that
reported LEFS (n=73), average scores from the LEFS,
reported as percentages, were found to be 87% and 89%,
correlating to raw scores of 69.6 and 71.2 out of a maximum
of 80 points, respectively.?>*! There were 5 braced stud-
ies8812:39 that used the LEFS; the mean LEFS score
among these studies was 74.9 (range, 73.3-77). The
PHAT, which is measured on a scale of 0 to 100, was
used in 1 nonbraced study,* in which the mean score was
76 at the final follow-up. In the 3 braced studies>®'° that
used PHAT, the mean score at the final follow-up was

YReferences 1, 2, 6, 8, 12, 20, 25, 29, 31, 38, 41, 46.
#References 3, 4, 9, 18, 19, 21, 22, 26, 34, 37, 39, 45.
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TABLE 2
Summary of Postoperative Patient-Reported Outcome Measures That Were Assessed
in Both Braced and Nonbraced Studies®

Length of

Lead Author (Year) Braced/Nonbraced Follow-up, mo

Postoperative LEFS Score?

Postoperative PHAT Score®

Leger-St-Jean (2019)2®° Nonbraced (n = 34) 49.2 87 *+ 21.3 (reported as percentage) —
Skaara (2013)*! Nonbraced (n = 39) 30 89 = 13 (reported as percentage) —
Cohen (2012)'? Braced (n = 52) 33 o Acute repair: 76.2 (62-80) —
e Chronic repair: 71.5 (50-80)
Chahal (2012)° Braced (n = 15) 36.9 74.9 (59-80) —
Arner (2019)* Braced (n = 64) 78 96 (68-100) (reported as percentage) —
Bowman (2013)° Braced (n = 17) 32 73.3 £ 9.9 —
Shambaugh (2018)3° Braced (n = 92) 43 e Acute repair: 73.3 —
e Chronic repair: 74.2
Blakeney (2017)* Nonbraced (n = 88), 33 — e Mean, 76. The mean increase

braced (n = 8)

Best (2021)? Braced (n = 226) 26.2
Kanakamedala (2023)'° Braced (n = 46) 58.8
Chocholac (2023)° Braced (n = 15) 46.2

from baseline was 34.7 for the
total cohort (P < .001)

e No significant difference in
postoperative PHAT scores between
braced and nonbraced patients

— 79.8 = 19.1

— e Acute repair: 76.9 + 18.8
e Chronic repair: 60.6 +18.2

— 78.8 (54.6-99.8)

“Data are reported as mean, mean * SD, or mean (range). Dashes indicate that patient-reported outcome scores were not reported for that
study. LEFS, Lower Extremity Functional Scale; PHAT, Perth Hamstring Assessment Tool.
*LEFS and PHAT are both scored on a scale of 0 to 100, with 100 being the highest level of function.

75.8. Table 2 further illustrates findings pertaining to the
LEFS and PHAT patient-reported outcome measures.

Patient Satisfaction

One nonbraced study?® used the Single Assessment
Numeric Evaluation (SANE) as a way to assess patient sat-
isfaction. The mean SANE score in this study was 86.9 (on
a scale of 0-100, with 100 being the most satisfied). The
mean SANE score (93.6%) in the single braced study®
that used the SANE tool was higher. In terms of general
patient satisfaction, 96 of the 108 (88.9%) nonbraced
patients in 4 studies'®?%31*! reported they were satisfied
with their surgical outcome at the final follow-up. In the
12 braced studies™" that assessed patient satisfaction, 407
of 430 (94.7%) patients reported that they were satisfied
with their surgical outcome.

Return to Sport

Of the 4 nonbraced studies'®?¢31:38 that assessed success-
ful return to sport, 86 of the 104 (82.7%) patients returned
to their prior sport of choice within 12 months of surgery.

**References 1, 3, 6, 8, 9, 12, 18, 21, 22, 34, 36.

Ten braced studiesl®81220-22.2487.45 ,4qessed return-to-

sport rates within the first year postoperatively. Of the
336 athletic patients in these studies, 297 (88.4%) returned
to sport within 12 months of their surgery.

DISCUSSION

Our systematic review demonstrated that with a mean
follow-up length of 47.65 months, the results of this study
showed higher complication rates in nonbraced postopera-
tive patients (12.7%) than in their braced counterparts
(10.9%) and a higher incidence of reoperation due to rerup-
ture of the proximal hamstring insertion in braced (3.1%)
versus nonbraced (0.05%) patients. Additionally, patient-
reported outcome scores and return-to-sport rates tended
to be higher in braced versus nonbraced patients.

The purpose of this systematic review was to compare
outcomes and complications between differing philosophies
of postoperative management of PHR. Historically, bracing
of the hip and/or knee in the immediate postoperative
period has been recommended to prevent supramaximal
load transmission to the repaired tendon that may cause
fixation failure. However, more recent studies have sug-
gested that accelerated postoperative rehabilitation pro-
grams that do not include bracing may have good
outcomes as well. No prior study has compared these 2
approaches to postoperative management. This systematic
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review illustrates the heterogeneous body of literature on
this topic and attempted to compare the 2 approaches to
postoperative management.

The bracing used after PHR is often thought to be cum-
bersome. Some authors believe that the immobilization
these braces provide may limit a timely return to prior lev-
els of activity and decrease patient satsifaction.?> However,
in the present study, patient satisfaction was higher on
average in patients who were braced postoperatively
than in patients who were not braced (94.7% vs 88.9%).
This may reflect the fact that satisfaction was reported at
the final follow-up and not during the immediate postoper-
ative period. Therefore, it is still not clear whether bracing
is as limiting as we think in the immediate postoperative
period. It does appear, however, that patient satisfaction
is not significantly affected by these cumbersome braces
at a follow-up of >1 year. A prior systematic review found
that patient satisfaction in 198 participants after PHR
ranged from 88% to 100%.** This coincides with the satis-
faction rates reported in the studies of this review.

The mean 12-month return-to-sport rate in the non-
braced studies was 82.7%. However, the higher mean
rate found in the braced studies (88.4%) closely reflects
the rate reported by Coughlin et al'® (87%), in a large
meta-analysis of 846 patients after PHR. The mean length
of time to return to sport in their meta-analysis was 5.8
months (range, 1-36 months). It is worth noting that the
authors of the meta-analysis found a stronger association
between rate of return to sport and patients with a lower
level of preinjury sport participation. In the present sys-
tematic review, the mean age of the braced patients was
9.3 years older than the mean age of the nonbraced
patients (46.1 vs 36.8 years). For this reason, it is reason-
able to suspect that the older participants had lower levels
of prior sport activity. This may be the reason that the
return-to-sport rate was higher in the older nonbraced
group when compared with the younger nonbraced group.

A similar argument can be made regarding the reason
for higher complication and reoperation rates in the non-
braced group. The reoperation rate (due to retears) was
3.1% in the nonbraced group versus 0.05% in the braced
group. This discrepancy may be because younger, and pre-
sumably more active, patients in the nonbraced group may
be more likely to reinjure their surgical repair. Neverthe-
less, the rate of 3.1% in the nonbraced population found
in the present study is close to the reoperation rate of
2.57% found by Bodendorfer et al,® in a meta-analysis of
796 hamstring avulsion injuries. The rate of reoperation
in nonbraced patients, although higher than that in braced
patients, is in line with the expected overall reoperation
rates after PHR.

Limitations

This study is not without limitations. The findings of this
review show consistently higher outcome measures
(LEFS, PHAT, SANE, and patient satisfaction) and lower
complication and rerupture rates in braced patients com-
pared with nonbraced patients. However, there is a large
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discrepancy in the number of studies investigating non-
braced patients (n = 7) versus braced patients (n = 19).
This discrepancy reflects the historical dominance of the
bracing paradigm over the relatively new paradigm of non-
bracing. Additionally, with advances in biomechanical
research over the years, the evolution of surgical techni-
ques has likely increased surgeons’ confidence in the
pull-out strength of the anchors used in these repairs.
This may introduce another source of bias, making older
studies more likely to utilize bracing than newer studies.
Furthermore, arthroscopic PHRs have become increasingly
common over the past decade, introducing further bias
because of the heterogeneity of the surgical technique in
the included studies.

Additionally, we speculate that bias may exist in sur-
geon selection of those who receive postoperative bracing.
For instance, a surgeon may be more likely to be more con-
servative postoperatively (ie, recommend bracing) in
patients with morbid obesity, with revision surgeries, or
deemed to be at higher risk of retear. A meta-analysis was
not performed because of the limited overlap in outcomes
reported between the braced and nonbraced studies and
the high level of heterogeneity in the study and bracing pro-
tocols. Therefore, our study lacked statistical analyses that
included confidence intervals and I? heterogeneity analyses.
Despite these limitations, this systematic review demon-
strates a consistent pattern that favors bracing postopera-
tively to decrease the rate of complications (including
reoperation), increase the chances of successful return to
sport, and improve overall patient satisfaction.

CONCLUSION

While the findings of this review suggest that postopera-
tive bracing may be associated with superior outcomes
compared with nonbracing, the complication rate (includ-
ing reoperation) and patient satisfaction appear to reflect
the reported statistics from the greater body of literature
on PHR outcomes. However, because of the limited number
of studies that did not use a postoperative bracing protocol,
definitive conclusions regarding the superiority of bracing
versus nonbracing cannot be made at this time. More stud-
ies investigating patient satisfaction and complication
rates after a nonbracing postoperative protocol are needed.
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