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Background The choice of plates or intramedullary
nails for operatively treated humeral shaft fractures
remains controversial, since randomized controlled
trials have lacked sufficient power. A meta-analysis of
existing trials would improve inferences regarding the
treatment effect.

Methods We reviewed randomized trials in Medline,
Cochrane and SciSearch, along with other sources of
published randomized trials from 1969-2000. Of 215
citations identified, only 3 studies were included.

Results The 3 studies (involving 155 patients) were
pooled, since they were homogeneous (p > 0.1). Plate
fixation gave a lower relative risk of reoperation than
intramedullary nailing (RR = 0.26, 95% CI 0.007-0.9,
p = 0.03). This translated to a risk reduction of 74% for
reoperation when plate fixation was employed. Thus,
1 reoperation could be prevented for every 10 patients
treated with plates. Plate fixation also reduced the risk
of shoulder problems in comparison to intramedullary
nails (RR = 0.10, 95% CI 0.03-0.4, p = 0.002).

Interpretation Plate fixation of humeral shaft frac-
tures may reduce the risk of reoperation and shoulder
impingement. The cumulative evidence remains incon-
clusive, and a larger trial is needed in order to confirm
these findings.

Most diaphyseal humerus fractures are managed
nonoperatively (Mast et al. 1975, Sarmiento et al.
1977, Jupiter 1994, Balfour and Marrero 1995,
Wallny et al. 1997). Surgery is indicated in non-
operative treatment that fails to maintain fracture

alignment, associated neurovascular injuries,
segmental fractures, pathological fractures, open
fractures, floating shoulder or elbow, and multiple
trauma (Pollock et al. 1981, Bell et al. 1985, Brum-
back et al. 1986, Robinson et al. 1992, Amillo et al.
1993, Foster et al. 1993). The best surgical treat-
ment—with either a plate or an intramedullary
nail—remains controversial.

Recently, 4 randomized trials have compared
plate and intramedullary nail fixation (Bolano
1995, Rodriguez-Merchan 1995, Chapman et al.
2000, McCormack et al. 2000), but all of them
had a low number of patients. We conducted a sys-
tematic review and meta-analysis of randomized
trials in order to assess the effect of plate fixation
or intramedullary nailing of diaphyseal fractures
of the humerus on rates of reoperation and other
secondary outcomes. We reasoned that the statisti-
cal pooling of a meta-analysis would improve the
precision of the estimates of the relative impact of
plates and intramedullary nails and give stronger
inferences to guide clinical decisions on the best
course of action.

Methods

Eligibility criteria

The following eligibility criteria were used in
selecting trials: 1. Target population: individu-
als with fractures of the humeral diaphysis, 2.
Intervention: comparison of plate fixation and
intramedullary nail fixation, 3. Primary outcome
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measure: reoperation (any subsequent humeral
surgery following the index procedure resulting
from nonunion, infection, nerve palsies, implant
failures or impingement), 4. Methodological crite-
ria: prospective, randomized or quasi-randomized
controlled trials.

Identification of studies

We conducted a Medline search from 1969 to 2004,
identifying the population (humeral shaft fracture),
the intervention (fracture fixation and intramedul-
lary and plate) and the methodology (clinical trial).
MB and EHS reviewed the titles and identified all
papers that might fulfill the eligibility criteria of
the study. A search of the Cochrane database was
also conducted. If the title suggested any pos-
sibility that it might be relevant, the abstract was
retrieved. MB and EHS reviewed the abstracts,
and chose potentially eligible studies for retrieval.
Review of the complete articles included only the
Methods sections, and this was carried out blind
as to authorship, institutional address, journal, and
the results obtained.

One of us (MB) reviewed the reference lists of
all key articles for any additional eligible papers,
which we then retrieved and reviewed for eligi-
bility. We noted frequently cited articles and con-
ducted a Science Citation Index search (SciSearch)
to locate potentially relevant studies that have cited
these articles. Additional strategies to uncover
relevant studies included: 1) manual searches of
tables of contents of 4 major orthopedics journals
(Journal of Bone and Joint Surgery (American and
British), Journal of Orthopaedic Trauma, Clinical
Orthopaedics and Related Research) from 1996 to
January 2004, 2) bibliography review of 2 major
trauma textbooks in orthopedics (Rockwood and
Green: Fractures in Adults, Browner, Jupiter and
Swiontkowski: Skeletal Trauma), 3) review of
titles of presentations or posters in programmes of
3 major orthopedics meetings (American Academy
of Orthopaedic Surgeons, Orthopaedic Trauma
Association, Canadian Orthopaedic Association)
from 1996 to 2004, and 4) content expert (ortho-
pedic surgeon with expertise in upper extremity
fracture care. MDM). We repeated the process of
judging study eligibility described above for all
potentially relevant studies identified using these
additional strategies.

Assessment of methodological quality

We (MB, EHS) abstracted all data and rated each
study according to a 21-point study quality assess-
ment scale (Detsky et al. 1992). This scale grades
the reporting of studies with respect to eligibility
criteria, the adequacy of randomization, descrip-
tion of therapies, the assessment of outcomes, and
statistical analysis.

Assessment of agreement between reviewers

Kappa, a measure of chance-corrected agreement,
provided most estimates of agreement between
reviewers for titles, abstracts and methods sec-
tions of potentially relevant articles (Fleiss 1975,
Donner and Klar 1996). For continuous variables,
we chose quantitated agreement using an intraclass
correlation coefficient. We chose an a priori crite-
rion of k = 0.65 or greater for adequate agreement
(Sackett et al. 1991).

Data analysis

We pooled data across studies, and calculated rela-
tive risks and associated 95% confidence intervals
for each outcome using the random effects model
of DerSimonian and Laird (1986). This model
assumes that the trials included in this review
represent a random sample of all the potentially
available trials at present and in the future. The
Breslow-Day test (1980) provided a test for the
consistency or homogeneity of the estimates across
studies, with a significance threshold of p < 0.1.
We further calculated the The 12 statistic: the per-
centage of between-study variability that is due to
true differences between studies (heterogeneity)
rather than sampling error (chance) can be used to
quantify inconsistency among trials (Higgins and
Thompson 2002). A value greater than 40% can be
considered to reflect substantial heterogeneity.

Evaluation of heterogeneity

Prior to analyzing the data, we developed hypoth-
eses regarding potential sources of heterogeneity
in reoperation rates. We hypothesized that hetero-
geneity may be due to differences in study quality,
to whether studies were published or unpublished,
and to whether randomization was concealed or
not. For each potential determinant of heterogene-
ity, we compared relative risks across categories
(Oxman et al. 1994).
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Table 1. Study characteristics

Published studies Plate Nail Men Age Closed Ante- Location Concealed Blinding FU QS
% (range) fracture grade prox mid dist random- %
% % ization
Chapman et al. 2000 46 38 61 335 76 100RT 16 57 27 Sealed No 100 76
(18-83) envelope
McCormack etal.2000 23 21 64 445 89 62 RT  diaphyseal Sealed No 93 75
(19-82) envelope
Rodriguez-Merchan 1995 20 20 78 46.0 100 OHK - 100 - NA No 100 38
(20-65)

P: plate; N: nail; FU: follow up; QS: quality score; NA: not available; RT: Russell-Taylor nail, HK: Hackethal.

Table 2. Results of statistical pooling

Outcome N Odds ratio (95% CI) Relative risk (95% Cl)  P-value Heterogeneity 12

P-value %
Reoperation 155  0.24 (0.10-0.87) 0.26 (0.07-0.88) 0.03 0.5 10
Nonunion 155  0.54 (0.17-1.9)  0.57 (0.18-1.8) 0.3 0.3 25
Infection 128 2.30 (0.34-16) 2.20 (0.36-14) 0.4 0.8 0
Shoulder impingement 155 0.09 (0.03-0.50) 0.10 (0.03-0.42) 0.002 0.7 0
Radial nerve palsy 128 0.24 (0.04-1.6) 0.26 (0.04-1.6) 0.1 0.5 10

quality score was substantial (intraclass correlation
Results

Literature search

We identified 215 citations; 210 from Medline, 2
from content expert and 3 from manual searches of
major orthopedics journals or meeting programs.
The Cochrane database search did not yield any
additional studies that were relevant. The weighted
kappa (i.e., chance corrected agreement) for eligi-
bility decisions based on the application of study
inclusion criteria to abstracts was 0.8 (95% CI 0.7-
0.9). 4 studies were included in our meta-analysis
review—3 of which had been published (Rodri-
guez-Merchan 1995, Chapman et al. 2000, McCor-
mack et al. 2000) and 1 that had not (an abstract:
Bolano 1995). 1 of these studies (Rodrigues-Mer-
chan 1995) was not considered for statistical pool-
ing since flexible intramedullary devices had been
used.

Assessment of methodological quality

Table 1 gives detailed information regarding study
methodology which was available in the 3 pub-
lished studies. Agreement for the overall study

coefficient = 0.8, 95% CI 0.7-0.8). We obtained or
confirmed data with authors from 2 of the 3 pub-
lished trials.

Reoperation

The 3 clinical trials randomized a total of 155
patients and the median sample size was 21 patients.
The results of the pooled statistical analyses are
listed in Table 2. The relative risk of reoperation
with plates was 0.3 (95% CI 0.07-0.9, p = 0.03)
(Figure 1). This translated into a substantial rela-
tive risk reduction of 74%. The difference in risk
of reoperation with plates and intramedullary
nails was 10% and this indicates that for every 10
patients treated with plates, 1 reoperation might be
prevented (i.e. NNT = 10). Sensitivity analyses did
not reveal any significant effect of study design,
publication status, and nail insertion (Table 3).

Shoulder impingement

All 3 trials reported shoulder impingement data.
The relative risk of shoulder impingement with
plates was 0.1 (95% CI 0.03--0.4, p = 0.002). This
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Favors plate Favors intramedullary nail
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Figure 1. Statistical pooling of 3 studies (155 patients)
revealed that plate fixation results in a significant reduction
in reoperation rates (p = 0.03) as compared to intramedul-
lary nail fixation.

Table 3. Sensitivity analysis—reoperation rates

No.of  Relative risk (95% ClI)

studies

Publication status

published 2 0.45 (0.19-1.1)

unpublished 1 0.15 (0.02-1.1)
Quality score

> 50 2 0.41 (0.16-1.0)

<50 1 0.27 (0.02-3.6)
Randomization

concealed 2 0.45 (0.19-1.1)

unconcealed 1 0.15 (0.02-1.1)
Nail insertion 2

antegrade 0.28 (0.05-1.5)

retrograde 1 0.58 (0.09-3.9)

2 Individual data on retrograde and antegrade nailing
from McCormack et al. (2006) was abstracted.

translated to a substantial relative risk reduction
of 90%. The difference in risk of reoperation with
plates and intramedullary nails (18%) indicated that
for every 6 patients treated with plates, 1 shoulder
impingement would be prevented (i.e. NNT = 6).

Nonunion, infection, and radial nerve palsies

Information on secondary outcomes was available
in most studies (Table 2). Pooling of results across
trials was appropriate given the relative homogene-
ity of the data (test for homogeneity, range of p-
values 0.3-0.8). Plate fixation did not incur greater
risks of nonunion, infection, or radial nerve palsy
from the pooled analysis of studies.

Favors plate Favors intramedullary nail

Bolano 1995 | —————+—
McCormack et al. 2000 ->
Chapman et al. 2000 <+
Pooled results —— P 0002
T T
0.01 0.1 1 10 100

Loag Odds Ratio (95% confidence intervals)

Figure 2. Statistical pooling of 3 studies (155 patients)
revealed that plate fixation results in a significant reduc-
tion in shoulder impingement and pain (p = 0.002) as com-
pared to intramedullary nail fixation.

Discussion

This is the first meta-analysis of randomized trials
comparing plates and intramedullary nails in the
treatment of diaphyseal fractures of the humerus.

Sometimes even the combined data on the main
endpoint of interest (eg. reoperation) in an over-
view is barely sufficient to provide persuasive rec-
ommendations. Alternatively, a significant treat-
ment effect should also be carefully considered
for clinical sense and an underlying biological
rationale (Yusuf 1987). In both cases, the review of
other related outcomes (i.e. nonunions, infections
and shoulder impingement) may help to clarify
whether such effects are to be believed or not. For
example, in those studies comparing plates with
intramedullary nails, reoperation rates were sig-
nificantly reduced with plates (relative risk = 0.3, p
=0.03). This large treatment effect may be an over-
estimate, given that studies had small sample sizes
and a low number of events. Given that the pres-
ence of a nonunion or shoulder impingement with
pain often necessitates a secondary procedure such
as bone grafting to promote fracture healing, and
implant removal or exchange, it is consistent that
reoperation risk will also be reduced. In general,
the results of meta-analyses should be interpreted
conservatively. The clinician can gain an indication
of the degree of uncertainty of the potential benefit
of one treatment over another by calculating stan-
dard confidence limits.

Studies avoid bias through random assignment of
patients to treatment groups, concealment of ran-
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Figure 3. Cumulative meta-analysis assessing the effect
of compression plating and intramedullary nailing on the
need for reoperation in patients with humeral shaft frac-
tures. The Lan-DeMets (LD) sequential monitoring bound-
ary, which assumes a 27% control event rate (i.e. patients
receiving intramedullary nailing) and a 25% relative risk
reduction with 80% power and a two-sided alpha of 0.05,
has not been crossed—indicating that the cumulative evi-
dence is inconclusive.

domization, and blinding of investigators, patients
and outcome assessors. Studies that fail to take
these precautions tend to report larger estimates
of the treatment effect (LeLorier et al. 1997). All
the studies we included were randomized. How-
ever, the study that did not conceal random alloca-
tion (Rodrigues-Merchan 1995) reported a greater
effect with plate fixation (85% risk reduction vs
55% risk reduction) than the 2 other studies which
used envelopes (Table 3). Although individual
patient information was not available for specific
grades of soft tissue injury (only 17 patients with
grade III open injuries) or degree of comminution,
these overall analyses suggest that plate fixation
of diaphyseal humeral fractures will yield more or
less the same result in a variety of fracture mor-
phologies.

In our meta-analysis of randomized trials, plate
fixation has been observed to reduce the risk of a
subsequent surgery by at least 12% and by as much
as 93%. These large treatment effects should be
interpreted with caution until confirmed by a large
randomized trial. To date, only 155 patients have
been randomized across 3 small randomized con-
trolled trials. The event rate in the intramedullary

nail group was 27%. If we assume a realistic treat-
ment effect (a relative risk reduction of 25%), then
we would require between 1,150 patients (alpha
= 0.05, study power = 80%) and 2,180 patients
(alpha = 0.01, study power = 90%) (Figure 3).
Thus, a larger trial is imperative to compare the
true effect of plates and intramedullary nails in
patients with humeral shaft fractures.
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