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Background: Fractures of the metacarpals and phalanges account for more than half of all upper extremity fractures sustained by
competitive athletes.

Purpose: To determine which management strategy is best for expediting return to preinjury levels of competition in adult athletes
with metacarpal and/or phalangeal fractures.

Study Design: Systematic review; Level of evidence, 4.

Methods: A methodology compliant with PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) was
used. A custom search strategy was designed and applied to MEDLINE and In-Process, Embase, EMCARE, and CINAHL.

Results: Overall, 3135 records were identified, of which 8 met full inclusion criteria. All patients returned to preinjury levels of
competition, at a mean of 30.6 days for phalangeal fractures and 21.9 days for metacarpal fractures. Meta-analysis demonstrated
delayed return-to-sport time for operatively managed metacarpal fractures as compared with nonoperatively managed ones (28.5
vs 22.0 days). All studies were of fair or poor quality, and none were randomized.

Conclusion: Optimal management strategies for athletes with metacarpal and phalangeal fractures remain equivocal. Injury,
treatment, and sport-specific factors may confound results and preclude accurate estimation of optimal treatment strategies at
present.
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Fractures of the metacarpals and phalanges account for
39.2% of all sports-related fractures1 and specifically for
54.8% of upper limb fractures sustained by competitive ath-
letes.6 Injuries are frequently caused by direct blunt
trauma and falling onto a clenched fist,12 with a high inci-
dence in contact, ball-handling, and combat sports.25,26

In managing metacarpal and phalangeal fractures, care
aims to support return to preinjury levels of competition in
the shortest time possible. Expedited return to play may
prevent deconditioning, stiffness, and muscle atrophy;
maximize playing time during the competitive season; and
allow training in the off-season.15

A variety of operative and nonoperative treatment strat-
egies have been proposed to achieve anatomic restoration,
fracture stability, and early rehabilitation in metacarpal
and phalangeal fractures, all of which facilitate early
return to play in athletes. Nonoperative management of
closed simple metacarpal injuries has been traditionally
favored,26 although open reduction and plate fixation pro-
vides fracture stability and may permit early active
mobilization.10
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Despite the relatively high incidence of metacarpal and
phalangeal fractures in athletes, there is a lack of consen-
sus regarding the optimal management strategy for return
to play.16 The aim of this systematic review was to deter-
mine which management strategy is best for expediting
return to preinjury levels of competition in adults partici-
pating in sports who have sustained closed fractures of the
metacarpals and/or phalanges during sporting activity.

METHODS

This systematic review was developed, conducted, and
reported in accordance with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses) statement,18 and the protocol was registered in PROS-
PERO (Prospective Register of Systematic Reviews;
CRD42019152448).3

Eligibility Criteria

All randomized controlled trials, clinical trials, cohort stud-
ies, comparative studies, case series, and case reports were
eligible for study inclusion. Review articles, meta-analyses,
descriptions of operative technique that did not present
original clinical data, and cadaveric and animal studies
were excluded.

Participants

Included in this study were adults participating in amateur
or professional sports with acute metacarpal and/or phalan-
geal fractures sustained during sporting activity (<6 weeks
between injury and definitive management). Adults with
metacarpal and/or phalangeal fractures sustained during
nonsporting activities were excluded. Also excluded were
patients with existing metacarpal and/or phalangeal non-
union or delayed union and patients with concurrent upper
or lower extremity fractures.

Interventions and Comparators

All operative and nonoperative management strategies
were eligible to be included as interventions, alongside any
rehabilitation and hand therapy protocols implemented
after initial definitive management. All treatments could
also be comparators.

Outcomes

The primary outcome assessed was time to return to sport.
For patients undergoing operative intervention, return-to-
sport time was defined as the length of time from primary
surgical intervention to recommencement of preinjury
levels of sporting activity. For those undergoing nonopera-
tive intervention, return-to-sport time was defined as the
length of time from starting therapy to recommencement of
preinjury levels of sporting activity.

Secondary outcomes assessed included rate of return to
sport, rate of fracture union, time to union, overall hand

function, and any complications. The rate of return to sport
was defined as the proportion of athletes who returned to
preinjury levels of competition after intervention. Rate of
union was defined as the proportion of athletes who dem-
onstrated radiological evidence of fracture union after
intervention. Time to union was defined as the time taken
to achieve radiologically proven fracture union. Hand func-
tion was quantified by objective functional measures and
subjective patient-reported outcome measures, where
recorded. Complications were defined as any adverse
effects of interventions occurring within the first month
after treatment.

Search Strategy

Search strategies were developed using index and free-text
terms, in conjunction with a search strategist. The litera-
ture search was limited to human studies; full search strat-
egies are available as supplemental material to this article.
The searches were applied to MEDLINE and In Process
(1946–December 2019), Embase (1974–December 2019),
EMCARE (1995–December 2019), and CINAHL (1981–
December 2019). The reference lists of articles were also
hand-searched for relevant publications.

Study Selection

After pooling and removal of duplicate publications, 2
authors (L.G., A.S.) independently screened all abstracts
against prespecified stepwise inclusion criteria. The study
selection process is detailed in Figure 1.

Data Extraction and Statistical Analysis

Relevant extracted data were demographics, type of frac-
ture, fracture pattern, sport during which injury was sus-
tained, rehabilitation protocol, return-to-sport time and
rate, follow-up duration, rate of fracture union, time to
union, hand function measure, patient-reported outcome
measure, complications, and study quality. The US
National Institutes of Health quality assessment tool for
observational cohort and cross-sectional studies20 was
employed to assess the quality of cohort studies. The
GRADE (Grading of Recommendations Assessment, Devel-
opment and Evaluation) tool was used to rate study quality
by considering the risk of bias, publication bias, impreci-
sion, inconsistency, indirectness, and magnitude of effect
(where possible).14 GRADE ratings were assigned to reflect
confidence in effect estimates. For studies in which patients
underwent operative intervention, data were also extracted
for fixation modality and time to surgery. Where possible,
return-to-play times were pooled for injury type and treat-
ment type, without head-to-head comparisons. As it was
not anticipated that individual patient data would be avail-
able, the inverse variance method with random effects was
used. All analyses were performed in R (Version 3.5.1; R
Foundation) using the meta package (Version 4.11-0).
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RESULTS

Search Results

Collectively, 3135 records were identified through database
searching, including 1185 from Embase, 575 from MED-
LINE, 695 from EMCARE, and 696 from CINAHL. After
duplicates were removed, 2105 records were screened, of
which 8 met full inclusion criteria2,10,11,17,19,21,26,27 (Fig-
ure 1). Of the 58 excluded fully reviewed articles, 4 expert
opinion articles related to the management of metacarpal/
phalangeal fractures sustained in athletes were
identified.4,5,13,24

Study Characteristics

All 8 studies were retrospective cohort studies based on an
established definition7; there were no randomized con-
trolled trials. Morse et al19 reported comparative data
related to the operative and nonoperative management of
metacarpal and phalangeal fractures sustained by profes-
sional basketball players. Table 1 shows the characteristics
of the studies.

Quality of Studies

All studies were of fair or poor quality according to the
National Institutes of Health tool (see Table 1). A break-
down of the assessment results is shown in Appendix Table
A1. None of the studies described attempts to measure and
adjust for the effect of confounding variables. Studies pro-
vided varying descriptions of operative, nonoperative, and
rehabilitation management strategies. Duration of follow-
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Figure 1. PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flowchart of studies included in
the review.

TABLE 1
Characteristics of the Included Studiesa

Lead Author
(Year) No. Fracture Site Sport Competition Level

Return-to-
Sport Rate,

%

Follow-up,
mo

Study
Qualityb

Kodama17 (2014) 20 8 metacarpal,
12 phalangeal

6 rugby, 3 handball, 3 NFL, 3 baseball,
2 football, 1 volleyball, 1 equestrian,
1 combat

Unspecified 100 27 Fair

Etier10 (2015) 20 All metacarpal 20 NFL players 9 collegiate,
10 high school,
1 recreational

100 3 Fair

Yalizis27 (2017) 16 All metacarpal 16 Australian rules football players 16 professional 100 56 Fair
Morse19 (2017) 59 26 metacarpal,

33 phalangeal
59 basketball players 59 professional 100 Unspecified Fair

Toronto26 (1996) 23 All metacarpal 12 NFL, 3 skiing, 3 combat, 4 baseball,
1 basketball, 1 running, 1 swimming

Unspecified 100 17 Poor

Bartels2 (2019) 61 56 metacarpal,
5 phalangeal

61 NFL players 61 collegiate Unspecified Unspecified Fair

Evans11 (1997) 2 All metacarpal 2 rugby players 2 professional 100 Unspecified Poor
Rettig21 (1989) 33 c All metacarpal 18 NFL, 8 basketball, 2 baseball,

2 sledding, 1 wrestling, 1 gymnastics,
1 combat

Unspecified 100 Unspecified Fair

aAll studies were retrospective cohort studies. NFL, National Football League.
bAccording to the National Institutes of Health quality assessment tool for observational cohort and cross-sectional studies.20

cThe original study included 56 patients: 21 were excluded in our analysis as they were aged <16 years, and a further 2 were excluded as
return-to-sport time data were not reported.
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up was clearly documented in 4 studies and ranged from 3
to 56 months.

Demographics and Injury Details

The 8 studies reported data from 234 patients who sus-
tained 184 metacarpal and 50 phalangeal fractures. Collec-
tively, 97% of patients were male with a mean age of 21
years. Injuries were sustained across 15 sports: 49% of inju-
ries from American football and 29% from basketball (col-
legiate and professional players) (Table 1). Kodama et al17

examined the anatomic site of phalangeal fractures and
reported that the proximal phalanx was most commonly
injured (8/12; 75%). Five studies indicated the anatomic site
of metacarpal fractures10,17,19,21,26,27; the fourth metacar-
pal was most commonly injured (42/116; 36%).

Interventions and Rehabilitation

Studies included operative and nonoperative management
strategies (Table 2). Patients who sustained phalangeal
fractures and underwent operative intervention were
treated with plate fixation (8/50; 16%), mini-screw fixation
(4/50; 8%), or unspecified surgical fixation (13/50; 26%).
Time from injury to surgery was not cited by any study. For
patients with phalangeal fractures, 1 study19 indicated
nonoperative management (20/50; 40%), and 1 study2 did
not note any management strategy (5/50; 10%). Nonopera-
tive management protocols were not published.

Patients who sustained metacarpal fractures and under-
went operative intervention (78/184) were treated with
plate fixation (40/78; 51%), mini-screw fixation (3/78; 4%),
metacarpal nail fixation (6/78; 8%), external fixation with
K-wires (2/78; 3%), and unspecified surgical fixation (27/78,
35%). One study cited the time from injury to surgery
(mean, 1.65 days; range, 5 hours–3 days).27 Four studies
indicated nonoperative management for patients with
metacarpal fractures (106/184).2,19,21,26

One study reported nonoperative management strate-
gies for closed metacarpal injuries. Toronto et al26 cited the
use of a modified functional casting technique, which per-
mitted active flexion and extension of the wrist with (1)
concurrent immobilization using buddy taping to adjacent
fingers for oblique metacarpal shaft fractures, (2) metacar-
pophalangeal immobilization for metacarpal neck frac-
tures, and (3) immobilization at 30� of flexion for
fractures of the first metacarpophalangeal joint. Athletes
were permitted to engage in modified athletic activity, non-
contact drills, and sport-specific conditioning as soon as
symptoms permitted, with the use of a functional cast. All
patients returned to full sport-specific activity by 4 weeks
postinjury.

Rehabilitation protocols varied in the duration of immo-
bilization and the use of protective equipment. Three stud-
ies reported the use of protective equipment on
recommencement of sporting activity in the form of buddy
taping and padded gloves/casts.10,17,27 Rehabilitation pro-
tocols favored early active motion, with digital flexion/
extension exercises commenced immediately17 and 3 days27

postoperatively.

Outcome Measures

Collectively, 8 outcome measures were used across all stud-
ies, including return-to-sport rate (defined by all studies as
return to preinjury level of competition), return-to-sport
time, patient satisfaction scores, total active motion, time
taken for osseous union, objective sporting performance
metrics, Quick Disabilities of the Arm, Shoulder and Hand
score, and complications. All studies used various combina-
tions of outcome measurements at varying time points after
injury (median follow-up, 22 months; range, 3-56 months).

Return-to-Play Time and Consequences

The return-to-sport rate for all studies was 100%. The
pooled mean return-to-sport time for all phalangeal frac-
tures was 30.6 days (95% CI, 17.5-43.9 days). The pooled
mean return-to-sport time for all metacarpal fractures was
21.9 days (95% CI, 15-28.7 days). The pooled mean return-
to-sport time for metacarpal and phalangeal fractures
stratified by treatment type is outlined in Table 3. One
study was excluded from the pooled meta-analysis, as it did
not report the standard deviation for mean return-to-play
time for treated metacarpal fractures.10 One study was
excluded from the stratified meta-analysis, as it did not
include mean estimates for return to play for operatively
or nonoperatively treated metacarpal fractures.2

One comparative study demonstrated significantly lon-
ger return-to-sport time in surgically treated metacarpal
fractures (mean ± SD, 56.7 ± 26.3 days; n¼ 13) as compared
with nonoperatively managed metacarpal fractures (26.3 ±
12.1 days; n ¼ 13; P < .01).19 Five studies reported radio-
graphic union in all patients after intervention,10,17,22,26,27

and the remaining 3 studies did not include data related to
fracture union.2,11,19

Complications after operative intervention included per-
sistent discomfort at the surgical site after open reduction
and internal fixation of metacarpal fractures (2/78) and
wound dehiscence after surgically treated phalangeal frac-
tures (2/30). One study cited no clinical or radiographic
evidence of shortening, displacement, angulation, rota-
tional deformity, or instability after nonoperatively man-
aged metacarpal fractures,26 although limited inference
can be drawn given the small cohort (N ¼ 24) and poor
study quality. Morse et al19 reported nonoperative manage-
ment of phalangeal fractures, although data related to com-
plications were not included.

DISCUSSION

Decisions in treating athletes with metacarpal and phalan-
geal fractures are multifactorial. They require collabora-
tion among athlete, surgeon, coaching staff, and training
staff, and they often carry major financial implications.
Fracture pattern, sport/position requirements, individual
player considerations, surgical considerations, and various
third-party considerations all have an impact on choice of
management.
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TABLE 2
Interventions, Rehabilitation Protocols, and Reported Outcomes for the Included Studiesa

Lead
Author
(Year) Intervention

Time to
Surgery, db Rehabilitation Protocol

Return to Sport
Time, Mean
(Range), d Complications Reported Outcomes

Etier10

(2015)
Metacarpal: locking

compression plate
(n ¼ 12), condylar
plate (n ¼ 1),
metacarpal nail (n ¼
6), mini-screw (n ¼ 1)

<2 (n ¼ 8),
2-4 (n¼ 3),
14 (n ¼ 1)

Protective equipment
used for 21 d: padded
glove (skilled
position), padded cast
(unskilled position)

All players: 16.9 (1-
42). In-season:
5.5 (1-21)

None reported All returned to
preinjury level of
competition

Kodama17

(2014)
Metacarpal: mini–low

profile plate (n ¼ 6),
mini-screw (n ¼ 2).
Phalangeal: mini–low
profile (n ¼ 8), mini-
screw (n ¼ 4)

Unspecified Week 1: active finger
motion exercises with
external
immobilization.
Week 2: light
training with orthotic
support (metacarpal
fractures) and
splinted to adjacent
finger (phalangeal
fractures). Week 3:
full training without
support or splint

All players:
28 (7-28).
Metacarpal:
23 (7-28).
Phalangeal:
25 (14-28)

Wound
dehiscence
(n ¼ 2)

All patients achieved
radiographic union at
3 mo. Mean TAM:
263� for metacarpal
and phalangeal
fractures (range,
240�-270�). 70% very
satisfied, 30%
satisfied with
treatment

Yalizis27

(2017)
Metacarpal: locking

compression plate
(n ¼ 16)

Mean, 1.65 d Forearm-based
immobilization splint
for 3 d. Training
resumed after splint
removed

In-season: 13 (7-
28). Off-season:
21 (14-35)

Mild to
moderate
discomfort
along
affected
metacarpal
(n ¼ 2)

Two patients had
significantly lower
performance scores
postoperatively.
Mean QuickDASH
score, 2.1 (range, 0-
20.45). All patients
achieved
radiographic union
within 6 wk

Morse19

(2017)
Metacarpal: undefined

surgical fixation
(n¼ 13), nonoperative
(n ¼ 13). Phalangeal:
undefined surgical
fixation (n ¼ 13),
nonoperative (n ¼ 20)

Unspecified Unspecified Metacarpal:
42 (total),
57 (surgical),
26 (nonoperative)

Phalangeal:
38 (total),
46 (surgical),
33 (nonoperative)

None reported Significantly longer
return-to-sport time
in surgically treated
vs nonoperative
metacarpal fractures
(mean ± SD, 56.7 ±
26.3 vs 26.3 ± 12.1 d;
P < .01)

Toronto26

(1996)
Metacarpal: modified

functional casting
technique (n ¼ 23)

NA Immobilization in
functional cast with
return to modified
athletic activity as
pain allowed

28 (21-28) None reported 95% very satisfied, 5%

satisfied with
treatment

Bartels2

(2019)
Metacarpal: nonoperative

(n ¼ 42), undefined
surgical fixation
(n ¼ 14). Phalangeal:
unknown (n ¼ 5)

Unspecified Unspecified Metacarpal:
12 (0-148)

None reported Mean ± SD time loss for
players who sustained
metacarpal fractures:
12.3 ± 25.8 d

Evans11

(1997)
Metacarpal: locking

compression plate
(n ¼ 2)

Unspecified Unspecified 28 d None reported All players returned to
preinjury
competition levels

Rettig21

(1989)
Metacarpal: nonoperative

(n ¼ 28), locking
compression plate
(n ¼ 3), K-wire (n ¼ 2)

Unspecified Unspecified 14 (0-56) None reported Evaluation of clinician-
derived measures of
function (range of
motion, grip strength)
and subjective patient
assessment revealed
no residual limitation

aNA, not applicable; ORIF, open reduction and internal fixation; QuickDASH, Quick Disabilities of the Arm, Shoulder and Hand; TAM,
total active motion.

bFor in-season injuries.
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We are not aware of other studies that have system-
atically reviewed treatment and outcomes of common
hand fractures in athletes. Despite the significance of
professional sports today and the impact of such frac-
tures on it, there are limited data available to inform
management: only 8 studies of limited quality met the
inclusion criteria for review. In these studies, nonopera-
tive management strategies were more commonly
reported in patients with metacarpal fractures, and oper-
ative management strategies were more commonly cited
in patients with phalangeal fractures. Overall, all
patients returned to preinjury levels of competition. It
is possible that this result reflects the pressure to return
to high performance for professional athletes. Indeed,
return times appeared to be shorter for injuries sus-
tained in season. However, there may also be publication
bias, with a tendency to avoid publishing less desirable
outcomes for a high-demand group such as adults par-
ticipating in sports. It is also challenging to establish
whether elite athletes can return to their premorbid
level of performance, rather than to the same level of
competition. These may well be different in many cir-
cumstances, and quantifying level of function and perfor-
mance may be limited to the ceiling effects of many tools,
such as patient-reported outcome measures, as high-
level athletes may be functioning above the range of per-
formance in the questionnaire. One study utilized “in
game” statistics to provide a surrogate marker for func-
tional performance after return from injury.27

Some findings from this review may be tempting to
focus on, such as the apparently delayed return-to-

sport time for operatively managed metacarpal fractures
as compared with nonoperatively managed ones. While
there were some data that suggested this, there are
important issues to consider when drawing conclusions.
All of the studies analyzed were methodologically lim-
ited, and none were randomized. As a result, important
confounders may have affected the findings. The injury
pattern may be a confounder, with worse injuries delay-
ing return to sport and also requiring operative treat-
ment. There is a risk of bias, with patients undergoing
surgery likely to have more severe injuries as compared
with their nonoperatively managed counterparts and
with financial pressures perhaps influencing earlier
return to professional sport for athletes treated non-
operatively. Thus, it would be inappropriate to advise
that operative management delays return to sport.
Instead, it would be more appropriate to advise sports-
people that fractures deemed to require operative man-
agement may lead to a delayed return to sport, but it is
unclear whether this is due to the injury itself, the
direct effects of intervention, the collateral effects of
intervention (eg, a surgical wound that needs to heal),
or a combination of all factors. Direct complications
arising from fixation type must also be considered in
the context of functional demands, with K-wires poten-
tially having a greater propensity for displacement and
bending as compared with internal fixation constructs.
It is important to consider these factors when determin-
ing the clinical significance of a 6-day difference in
return to sport between operatively and nonoperatively
managed metacarpal fractures. Contextual, individual,
and sport-specific factors must also be given consider-
ation. A 6-day difference may have less clinical signifi-
cance for an off-season injury sustained by a seasoned
athlete in a noncontact sport, whereas the same differ-
ence may be career ending for an in-season injury sus-
tained by a rookie athlete during a competitive series of
games.

Nonoperative management may require longer peri-
ods of protective immobilization, which may be prohib-
itive to elite sportspeople, with operative intervention
providing immediate fracture stability and enabling
early active rehabilitation to minimize soft tissue atro-
phy and joint stiffness.27 Different treatment strategies
may be desirable for those playing at different levels of
performance.

Similarly, treatment strategy is dependent on the
sport and position played. Drakos et al9 reported that
15.4% of all injuries sustained by basketball players are
upper extremity injuries. Given the dependence on hand
dexterity, upper limb injuries for basketball players can
be devastating. Furthermore, nonoperative manage-
ment using splints and buddy taping may compromise
hand dexterity to the same or greater degree, resulting
in equally poor athletic performance. This is in contrast
to football, where compromised hand dexterity may not
affect performance to the same degree. However, spe-
cific requirements vary within sports, with goalkeepers
having much greater dependency on hand dexterity for
optimal athletic performance. It is the surgeon’s role to

TABLE 3
Modified GRADE Evidence Profile by Treatment Typea

Treatment Type
No. of

Studies
No. of

Patients

Return-to-Play
Time, Mean
(95% CI), d

GRADE
Ratingb

Metacarpal fractures
Surgically

treated
5 44 28.5 (16.0-40.9) Very low

Nonoperatively
treated

3 65 22.0 (11.5-32.3) Very low

Phalangeal fractures
Surgically

treated
2 45 35.1 (14.0-56.0) Very low

Nonoperatively
treated

1 20 NA NA

aGRADE, Grading of Recommendations Assessment, Develop-
ment and Evaluation; NA, not applicable.

bGRADE Working Group grades of evidence: (1) high quality—
further research is very unlikely to change the group’s confidence
in the estimate of effect; (2) moderate quality—further research is
likely to have an important impact on the group’s confidence in the
estimate of effect and may change the estimate; (3) low quality—
further research is very likely to have an important impact on the
group’s confidence in the estimate of effect and is likely to change
the estimate; (4) very low quality—the group is very uncertain
about the estimate.
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act as an independent advocate for the athlete and pro-
vide impartial clinical advice. It is vital that the sur-
geon act impartially without coercion from the athlete,
the club, or sponsors to maintain the athlete’s best
interests.

The quality of studies reviewed was generally fair,
although all had significant risk of confounding. The
methodological quality of studies was demonstrably
lower compared with similar systematic reviews,23 which
may represent the potential sensitivity of publishing
data describing elite sportspeople or a lack of academic
investment in the management of such injuries, as sup-
ported by the limited number of identified studies and
disproportionate representation of level 5 evidence
identified.

Our results must be considered in view of the study
limitations. Despite using a sensitive search strategy, it
is possible that relevant studies were overlooked. Studies
provided limited descriptions of return-to-sport rates and
times. The use of return times and rates without com-
prehensively defined functional and competition-specific
parameters predisposes to reporting and confirmation
bias.8,23 Heterogeneity of cohorts with respect to sporting
activity, competition level, rehabilitation protocols, and
differential outcome measure reporting limited the appli-
cability of study conclusions in the clinical setting. Fur-
thermore, 97% of athletes were male; a large proportion
of patients underwent unspecified surgical fixation; and
postoperative rehabilitation strategies were not indi-
cated, thereby limiting the generalizability of our
findings.

CONCLUSION

Perhaps the most compelling conclusion from the current
work is that all competitive athletes who sustained a
metacarpal or phalangeal fracture returned to preinjury
levels of competition after operative and nonoperative
management. The current evidence base does not dem-
onstrate a clear optimal management strategy for expe-
diting safe return to play in athletes with metacarpal and
phalangeal fractures. Evidence from individual studies ten-
tatively supports early active mobilization for patients who
undergo surgical intervention, with a graded return to
sporting activity. Patients with injuries requiring surgical
intervention may have a delayed return to sport. Improved
reporting of the treatment, outcome, level of performance,
and return to play through routine data collection or
higher-quality studies may improve care for sportspeople
and reduce adverse impacts on sports organizations and
systems.
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APPENDIX

TABLE A1
Quality of Cohort Studies as Assessed With the NIH Quality Assessment Tool

for Observational Cohort and Cross-sectional Studiesa

Assessment Questionb

Study (Year) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Overallc

Kodama17 (2014) Y Y N Y N Y Y CD Y NA N NR Y N Fair
Etier10 (2015) Y Y Y Y N Y Y CD Y NA Y NR Y N Fair
Yalizis27 (2017) Y Y Y Y N Y Y CD Y NA N NR Y N Fair
Morse19 (2017) Y Y Y Y N Y Y CD Y NA Y NR Y N Fair
Toronto26 (1996) N Y NR N N Y Y CD Y NA N NR Y N Poor
Bartels2 (2019) Y Y NR Y N Y Y CD Y NA N NR Y N Fair
Evans11 (1997) N N NR Y N N Y CD Y NA N NR Y N Poor
Rettig21 (1989) Y N Y Y N Y Y CD Y NA N NR Y N Fair

aCD, cannot determine; N, no; NA, not applicable; NIH, National Institutes of Health; NR, not reported; Y, yes.
b1: Was the research question or objective in this paper clearly stated?
2: Was the study population clearly specified and defined?
3: Was the participation rate of eligible persons at least 50%?
4: Were all the participants selected or recruited from the same or similar populations (including the same time period)? Were inclusion

and exclusion criteria for being in the study prespecified and applied uniformly to all participants?
5: Was a sample size justification, power description, or variance and effect estimates provided?
6: For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured?
7: Was the time frame sufficient so that one could reasonably expect to see an association between exposure and outcome if it existed?
8: For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outcome (eg,

categories of exposure, or exposure measured as continuous variable)?
9: Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented consistently across all study

participants?
10: Was the exposure(s) assessed more than once over time?
11: Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented consistently across all study

participants?
12: Were the outcome assessors blinded to the exposure status of participants?
13: Was loss to follow-up after baseline 20% or less?
14: Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between exposure(s)

and outcome(s)?
cOverall assessment of study quality was determined by appraisal of the internal validity based on the criteria listed above. Studies with a

high risk of bias were deemed poor quality; studies with a moderate risk of bias, fair quality; and studies with a low risk of bias, good quality.
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