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In adults, early mobilization may be i

beneficial for distal radius fractures treated
with open reduction and internal fixation:
a systematic review and meta-analysis
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Abstract

Objectives: It remains debatable if early mobilization (EM) yields a better clinical outcome than the late mobilization
(LM) in adults with an acute and displaced distal radial fracture (DRF) of open reduction internal fixation (ORIF). There-
fore, we aimed to perform a systematic review and meta-analysis of randomized controlled trials (RCTs), comparing
clinical results with the safety of EM with LM following ORIF.

Methods: Databases such as Medline, Cochrane Central Register, and Embase were searched from Jan 1, 2000, to
July 31,2021, and RCTs comparing EM with LM for DRF with ORIF were included in the analysis. The primary outcome
of study included disabilities of the Arm, Shoulder, and Hand (DASH) score at different follow-up times. Wherever the
secondary outcomes included patient-rated wrist evaluation (PRWE), grip strength (GS), visual analog scale (VAS),
wrist range of motion (WROM), and associated complications, the two independent reviewers did data extraction for
the analysis. Effect sizes of outcome for each group were pooled using random-effects models; thereafter, the results
were represented in the forest plots.

Results: Nine RCTs with 293 EM and 303 LM participants were identified and included in the study. Our analysis
showed that the DASH score of the EM group was significantly better than LM group at the six weeks postoperatively
(—=10.15;95% Cl—15.74 to —4.57, P<0.01). Besides, the EM group also had better outcomes in PRWE, GS and WROM
at 6 weeks. However, EM showed potential higher rate for implant loosening and/or fracture re-displacement compli-
cation (3.00; 95% Cl 1.02-8.83, P=0.05).

Conclusion: Functionally, at earlier stages, EM for patients with DRF of ORIF may have a beneficial effect than LM.
The mean differences in the DASH score at 6 weeks surpassed the minimal clinically important difference; however,
the potentially higher risk of implant loosening and/or fracture re-displacement cannot be ignored. Due to the lack
of definitive evidence, multicenter and large sample RCTs are required for determining the optimal rehabilitation
protocol for DRF with ORIF.

PROSPERQ registration number: CRD42021240214 2021/2/28.
Keywords: Meta-analysis, Distal radius fracture, Open reduction internal fixation, Early mobilization, Late mobilization
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incidence of DRF will continue to grow [3, 4]. Despite
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the existing variations, in the view of significantly better
results in the reduction and functional recovery of open
reduction internal fixation (ORIF) [5], it has become the
primary surgical technique for the treatment of such
fractures [6, 7]. However, rehabilitation type and immo-
bilization duration following the plate fixation of DRFs
remain uncertain [8], whereas persistent plaster fixation
has been repeatedly questioned as a conventional reha-
bilitation program [9]. For patients in the early mobili-
zation (EM) group, the satisfaction level remains higher
due to the self-opportunity of maintaining basic hygiene
without any protective measures [10]. However, EM is
controversial due to the local pain-associated compli-
cations, poor wound healing, implant loosening, loss of
reduction, and internal fixation failure [11].

A randomized controlled study demonstrated that EM
positively impacted the surgical treatment outcome and
caused no additional complications compared to late
immobilization (LM) [12]. Furthermore, a prospective
study revealed that EM had better patient-reported out-
comes and wrist range of motion (WROM). Meanwhile,
it did not require multiple follow-ups and guidance from
physiotherapists during rehabilitation [13]. Another
study reported that the LM does not lead to decreased
wrist motion compared to initial wrist motion [10, 14].
Furthermore, Andrade et al., have reported the compara-
tive more use of opioids in the early active groups [15]. In
the light of these results, after the surgery, the postopera-
tive fixation time ranges from immediate mobilization to
the 6 weeks of cast immobilization, based on the different
practices of the surgeons [13, 16—18].

To the best of our knowledge, no evidence-based medi-
cal study compared the EM with the conventional LM
after ORIF of DRF. Therefore, we performed systematic
review and meta-analysis based on randomized con-
trolled studies (RCTs) for exploring the advantage of
EM protocol over LM protocol in respect to clinical out-
comes and complications.

Materials and methods

Study method

Our systematic review with meta-analysis performed on
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines (Additional
file 1) [19]. Search strategy, trial selection, eligibility cri-
teria, data collection, risk of bias assessment, and analysis
process were duly conducted according to the prede-
fined protocol (https://www.crd.york.ac.uk/PROSPERO/;
PROSPERO: CRD42021240214).

Search strategy and trial selection
The databases such as Medline, Cochrane Central Reg-
ister, and Embase were searched from Jan 1, 2000, to
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June 30, 2021. The keywords used to explore the poten-
tial published RCTs were as follows: “Early mobilization,’
“Accelerated rehabilitation,” “Delayed motion,” “Distal
radius fractures,” “Distal radius,” and “Randomized Con-
trolled Trials” After dataset de-duplication, all titles
were further filtered, and only relevant abstracts were
reviewed again. Finally, the full text of eligible trials was
studied before making the final inclusion. Reference lists
of identified studies were also cross-checked to prevent

any overlooked relevant trials.

Inclusion criteria

Inclusion criteria were defined based on Population,
Intervention, Comparison, and Outcome (PICO) method
[20].

1. Population: Adults> 18 years with a diagnosed DRF
from acute trauma and open reduction internal fixa-
tion treatment.

2. Type of Intervention: Early mobilization group
(immobilization period of <2 weeks); accelerated
rehabilitation scheme (beginning of a passive and/
or active wrist exercise program, immediately after
internal fixation).

3. Type of Comparison: Late mobilization group (more
immobilization period>2 weeks, and then start of
exercise program); standard rehabilitation scheme
(No movement of the wrist until the cast removal).

4. Outcomes: At least one of the following results was
required: Disabilities of the Arm, Shoulder, and Hand
(DASH), Patient-Rated Wrist Evaluation (PRWE),
grip strength (GS), visual analog scale (VAS), wrist
range of motion (WROM) and associated complica-
tions.

5. Type of Study Design: Prospective controlled clinical
trials or Randomized Controlled Trials (RCTs) pub-
lished in English.

Exclusion Criteria: (1) Studies on other limb fractures
other than DRF and (2) studies reporting only the radio-
logical result.

Data extraction

Two independent authors (KY T and HS) extracted raw
data from the included studies using pre-designed data
extraction tables. In the study, three or more arms were
included. Then, the data were pooled from the treat-
ment arms with the earliest motion group and the last
motion group. In the studies not reporting numeric
value, manual measurements of published charts were
performed. Also, in the dataset, not written in standard
form, the standard deviations were approximately as
range/4 [21]. It is worth noting that the QuickDASH is
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Fig. 1 PRISMA flowchart of study selection

a concept-retention version of DASH, which is similar
to the complete DASH in terms of properties and scores
[22]. We contacted the corresponding author to obtain
the dataset, for studies containing the result of interest
but with original data non-availability. Besides, any disa-
greements in the process were also resolved by the gen-
eral consensus.

Risk of bias assessment

The risk of bias assessment was conducted based on the
Cochrane Risk of Bias Tool [23]. In addition, the quality
of included RCTs was also evaluated from the following
criteria: random sequence generation, allocation con-
cealment, blinding of participants and personnel, blind
outcome assessment, incomplete outcome data, selective
reporting, and other sources of biases in the study. As a
result, the overall quality of each study was classified as
unclear, low, or high risk of bias. Meanwhile, articles with
low risk of bias were also defined as four or more meeting
criteria.

Evidence assessment with the GRADE approach

The evidence assessment was performed using the guide-
lines of the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE). The outcomes
were assessed for the following elements: risk of bias,
inconsistency, indirectness, imprecision, and publication
bias.

Statistical analysis

Review Manager Software (Revman 5.3.3, Cochrane
Collaboration, Oxford, United Kingdom) was used for
the pooled data statistical analyses. The continuous vari-
able outcomes (DASH, PRWE, VAS, GS, WROM) were
represented as mean difference (MD) with a 95% con-
fidence interval (95% CI). Similarly, dichotomous out-
comes (complications) were represented as risk ratio
(RR) with 95% CI. Heterogeneity among the studies was
also assessed using the I? test [24], where I*>50% indi-
cates significant heterogeneity and I*<50% was consid-
ered to have low heterogeneity; thus for the analysis,
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Fig. 2 Quality assessment

the random-effect model and fixed-effect model were
used, respectively. Additionally, a P value of<0.05 was
considered statistically significant. Meanwhile, the MD
of DASH was compared with the minimal clinically
important difference (MCID), estimated at 10 in DRF to
evaluate its clinical relevance [25]. The sensitivity analy-
sis was performed to explore the reliability of the out-
comes. Furthermore, publication bias was examined by
Begg’s rank correlation and Egger’s weighted regression
method.

Results

Search outcomes and trial characteristics

As shown in Fig. 1, a total of 981 potentially relevant
articles were retrieved from all the databases, but only
243 of them were retained for study, after the removal

of the duplicates. Following the screening of the titles
and abstracts, 221 articles were further excluded. The
remaining 22 full-text articles were carefully evalu-
ated, and 13 were excluded after the final screening
due to variable reasons. Finally, 9 RCTs meeting the
inclusion criteria were taken for comprehensive evalu-
ation of this meta-analysis [10, 12-15, 17, 18, 26, 27].
Quality assessment of the included studies is shown
in Fig. 2, and no investigation was excluded on bias
concern. The essential characteristics of the included
studies are also tabulated in Table 1. The sample sizes
of the 9 studies ranged between 30 and 119. Whereas
between the 293 EM and 303 LM cases, no significant
differences were observed in participants demograph-
ics or fracture type.
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Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

early motion late motion

Study or Subgrou Mean SD_Total Mean SD Total Weight
2.1.1 6 weeks

Andrade 2019 326 223 19 365 193 20 1.3%
Brehmer 2014 13 125 36 23 125 42 456%
Clementsen 2019 295 194 57 373 191 62 3.6%
Dennison 2020 38 24 18 52 13 15 1.4%
Quadibauer 2017 31.29 17.89 15 54.02 1046 15 1.9%
Sorensen 2020 26.7 58 47 291 56 48  8.4%
Watson 2018 296 183 46 447 239 46  2.6%
Subtotal (95% CI) 238 248  23.9%

Heterogeneity: Tau®= 38.25; Chi*= 26.66, df= 6 (P = 0.0002), F=77%
Test for overall effect: Z= 3.56 (P = 0.0004)

2.1.2 12 weeks

Andrade 2019 122 134 19 204 166 20 23%
Brehmer 2014 5 583 36 8 583 42 8.0%
Clementsen 2019 171 168 57 173 144 62  46%
Lozano 2008 19 18 30 17 16.75 30 26%
Quadlbauer 2017 11.28 11.49 15 1911 14.53 15  2.3%
Sorensen 2020 15 39 47 142 52 48  8.9%
Subtotal (95% CI) 204 217 28.7%
Heterogeneity: Tau®= 4.96; Chi*=10.59, df=5 (P = 0.06); F=53%

Test for overall effect. Z=1.15 (P = 0.25)

2.1.3 24 weeks

Andrade 2019 104 118 19 145 205 20 2.0%
Brehmer 2014 3 598 36 5 598 42 7.9%
Lozano 2008 85 575 30 81 16.7 30 4.0%
Quadibauer 2017 488 B6.76 15 1146 117 15  3.6%
Sorensen 2020 8.3 25 47 9.8 53 48 9.1%
Watson 2018 129 196 46 144 177 46  31%
Subtotal (95% CI) 193 201 29.8%
Heterogeneity: Tau*= 0.00; Chi*= 2.68, df=5 (P =0.75), F= 0%

Test for overall effect. Z= 2.63 (P = 0.008)

2.1.4 48 weeks

Clementsen 2019 101 179 57 107 145 62 4.4%
Quadibauer 2017 598 10.94 15 503 645 15 3.9%
Sorensen 2020 6.2 26 47 58 46 48  9.3%
Subtotal (95% CI) 119 125 17.6%

Heterogeneity: Tau*= 0.00; Chi*=0.14, df=2 (P =0.93); F= 0%
Test for overall effect: Z=0.51 (P = 0.61)

Total (95% CI) 754 791 100.0%
Heterogeneity: Tau®= 6.86; Chi*= 62.98, df= 21 (P < 0.00001); F=67%
Test for overall effect: Z= 3.75 (P = 0.0002)

Test for subaroun differences: Chi*=15.34. df=3 (P =0.002). F=80.4%
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Fig. 3 Forest plot of Disabilities of the Arm, Shoulder, and Hand scores in a meta-analysis

Primary outcome

DASH scores

As shown in Fig. 3, DASH scores were available in 8
studies [10, 12-15, 17, 18, 26] for total of 546 patients.
The DASH scores in EM were significantly better
when compared with LM at 6 and 24 weeks postop-
eratively, with mean differences (MDs) of —10.15 (95%
CI—15.74 to — 4.57, P<0.01) and — 1.77 (95% CI — 3.09
to—0.45, P<0.01), respectively. Interestingly, MD
at the 6th week reached the MCID value of 10. How-
ever, EM had a similar outcome to LM at the 12th and
48th week postoperatively, with MDs of —1.61 (95%
CI—4.37-1.14, P=0.25) and 0.37 (95% CI —1.05-1.79,

P=0.61), respectively. The summarized outcomes were
also evaluated as a moderate or lower heterogeneity,
with I*=77%, 53%, 0%, and 0% for the 6th, 12th, 24th,
and 48th week postoperatively, respectively.

Secondary outcomes

PRWE scores

As shown in Fig. 4, four studies [12, 13, 17, 18] with 274
patients reported data on PRWE and lower heteroge-
neity (P=31%, I’=12%, I?’=0%) for PRWE scores at
6th, 12th, and 48th week postoperatively. The outcome
showed that the EM group had improved PRWE scores
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early motion late motion Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
2.2.1 6 weeks
Clementsen 2019 296 213 57 357 21.2 62 13.0% -6.10[13.74,1.54) B
Dennison 2020 30 24 18 50 11 15 8.4% -20.00[-32.41,-7.59]
Quadlbauer 2017 36.13 12.87 15 4935 146 15 106% -13.22[-23.07,-3.37] ==
Watson 2018 315 199 46 463 221 46 11.9% -14.80[-23.39,-6.21] — =
Subtotal (95% CI) 136 138 43.9% -12.47[-18.10,-6.84] -
Heterogeneity: Tau®=10.27, Chi*=4.35,df=3(P=0.23); F=31%
Test for overall effect: Z= 4.34 (P < 0.0001)
2.2.2 12 weeks
Clementsen 2019 17 186 57 159 158 62 146% 1.10[-5.13,7.33] -
Quadlbauer 2017 1157 819 15 16.38 14.95 15 11.6%  -4.81[13.69,4.07) .
Subtotal (95% CI) 72 77  26.2% -0.97 [-6.50, 4.55] -
Heterogeneity: Tau®= 2.15; Chi*=1.14,df=1 (P=0.29); F=12%
Test for overall effect Z=0.34 (P=0.73)
2.2.3 48 weeks
Clementsen 2019 10.2 191 57 107 154 62 14.5% -0.50[-6.77,5.77) T
Quadlbauer 2017 427 923 15 465 576 15 15.4% -0.38[-5.89,5.13] -
Subtotal (95% CI) 72 77  29.9% -0.43[-4.57,3.70] -
Heterogeneity: Tau®= 0.00; Chi*=0.00, df=1 (P = 0.98), F= 0%
Test for overall effect: Z=0.20 (P = 0.84)
Total (95% CI) 280 292 100.0% -6.17 [-10.96,-1.38] S
Heterogeneity: Tau®= 30.88; Chi*= 21.51, df= 7 (P = 0.003); F=67% a0 30 0 10 20

Test for overall effect: Z= 2.53 (P = 0.01)
Test for subaroun differences: Chi*=12.65. df=2 (P =0.002). F=84.2%

Fig. 4 Forest plot of Patient-Rated Wrist Evaluation scores in a meta-analysis
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Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Random, 95% CI
4.1.1 6 weeks
Andrade 2019 28 2 19 22 28 20 1.6%
Clementsen 2019 18 18 57 22 17 62 9.4%
Dennison 2020 08 11 18 15 15 15  45%
Quadibauer 2017 154 118 15 224 1.96 15  2.8%
Subtotal (95% CI) 109 112 18.3%
Heterogeneity. Tau®*= 0.00; Chi*= 2.31, df= 3 (P = 0.51), F= 0%
Test for overall effect: Z=1.87 (P = 0.06)
4.1.2 12 weeks
Andrade 2019 0.7 1 19 18 26 20 25%
Clementsen 2019 11 16 57 1 1.2 62 14.3%
Lozano 2008 24 225 30 24 225 30 29%
Quadibauer 2017 06 099 15 0.88 095 15 7.8%
Subtotal (95% CI) 121 127  27.5%
Heterogeneity: Tau®*= 0.02; Chi*=3.41,df=3 (P=0.33), F=12%
Test for overall effect: Z=0.72 (P=0.47)
4.1.3 24 weeks
Andrade 2019 11 14 19 1.7 29 20 1.9%
Clementsen 2019 07 18 57 07 1.2 62 12.2%
Lozano 2008 15 075 30 19 15 30 10.4%
Quadibauer 2017 013 052 15 025 047 15 29.8%
Subtotal (95% CI) 121 127  54.2%
Heterogeneity: Tau®*= 0.00; Chi*=1.35,df=3 (P=0.72); F=0%
Test for overall effect: Z=1.22 (P=0.22)
Total (95% CI) 351 366 100.0%

Heterogeneity. Tau®*= 0.00; Chi*=8.31, df=11 (P=0.69), F= 0%

Test for overall effect: Z= 2.05 (P = 0.04)

Testfor subaroun differences: Chi*=1.12.df=2 (P=057.F=0%
Fig. 5 Forest plot of visual analog scale scores in a meta-analysis
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early motion late motion Mean Difference Mean Difference

Study or Subgroup _Mean _SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI

5.1.1 2 weeks

Brehmer 2014 118 65 36 10 6.5 36  5.0% 1.80 [-1.20, 4.80] =

Zeckey 2020 7.9 3 25 55 15 25  7.4% 2.40[1.09,3.71) e

Subtotal (95% Cl) 61 61 12.4% 2.30[1.10,3.51] <&

Heterogeneity: Tau®*= 0.00; Chi*=0.13,df=1 (P=0.72); F= 0%

Test for overall effect: Z= 3.75 (P = 0.0002)

5.1.2 6 weeks

Brehmer 2014 222 10 36 168 10 36 32% 540([0.78,10.02) I

Clementsen 2019 136 7.7 57 122 59 62 57% 1.40[-1.08, 3.88] =

Quadibauer 2017 14.46 918 15 456 392 15 28%  9.90([4.85 14.95) —_—t

Sorensen 2020 11 54 47 92 57 48  6.1% 1.80[-0.43, 4.03] T

Watson 2018 149 99 46 12 91 46 3.9% 2.90[-0.99, 6.79] T

Zeckey 2020 1045 36 25 825 361 25 6.4% 2.20(0.20, 4.20) —

Subtotal (95% CI) 226 232 28.1%  3.11[1.27,4.95] -

Heterogeneity: Tau®= 2.66; Chi*=11.00, df=5 (P = 0.05); F=55%

Test for overall effect: Z= 3.32 (P = 0.0009)

5.1.3 12 weeks

Brehmer 2014 31.7 95 36 295 95 36 3.4% 2.20[-2.19,6.59] ]

Clementsen 2019 21.2 85 57 205 7.7 62 5.1% 0.70[-2.22,3.62] I

Lozano 2008 184 104 30 199 76 30 32% -1.50[-6.11,3.11) —

Quadibauer 2017 2273 758 15 16.28 9.73 15 21%  6.44([0.20,12.68]

Sorensen 2020 176 6 47 166 7 48 55% 1.00[-1.62,3.62] -1

Zeckey 2020 135 3.03 25 1375 358 25 6.7% -0.25[-2.09,1.59) .

Subtotal (95% Cl) 210 216 25.9% 0.61[-0.72, 1.93] >

Heterogeneity: Tau®= 0.30; Chi*=5.57, df=5 (P=0.35); F=10%

Test for overall effect: Z=0.89 (P=0.37)

5.1.4 24 weeks

Brehmer 2014 31.2 98 36 259 9.8 36 3.2% 5.30([0.77,9.83)

Lozano 2008 23 10 30 249 13 30 23% -1.90[-7.77,397] —

Quadibauer 2017 26.96 7.09 15 20.98 10.84 15 1.9% 598[057,1253]

Sorensen 2020 206 7.2 47 205 8.2 48  4.8% 0.10[-3.00, 3.20] I E—

Watson 2018 227 124 46 245 168 46  2.2% -1.80[-7.83,64.23) —

Zeckey 2020 14.45 3 25 186 503 25 6.0% -4.15[-6.45-1.85) -

Subtotal (95% Cl) 199 200 20.5%  0.27[-3.17,3.70] i

Heterogeneity: Tau®*=12.67; Chi*=19.63, df=5 (P = 0.001); F=75%

Test for overall effect. Z=0.15 (P = 0.88)

5.1.5 48 weeks

Quadibauer 2017 27.99 8.03 15 2445 11.71 15 1.7% 3.54[-3.651073]

Sorensen 2020 222 68 47 219 8.6 48  4.8% 0.30[-2.81,3.41] T

Zeckey 2020 19 277 25 188 363 25  B.7% 0.20 [-1.59,1.99] =l

Subtotal (95% Cl) 87 88 13.2% 0.37 [-1.14, 1.89] >

Heterogeneity: Tau®*= 0.00; Chi*=0.78, df= 2 (P = 0.68); F= 0%

Test for overall effect: Z=0.48 (P = 0.63)

Total (95% Cl) 783 797 100.0% 1.44 [0.40, 2.49] <

Heterogeneity: Tau®= 3.34; Chi*= 57.15, df= 22 (P < 0.0001); F= 62% + 5 > i

Test for overall effect: Z= 2.72 (P = 0.007)
Test for subaroun differences: Chi*= 9.00. df= 4 (P = 0.06). F= 55.6%

Fig. 6 Forest plot of grip strength in a meta-analysis

early motion late motion

than the LM group, with MD of —12.47 (95% CI — 18.10
to—6.84, P<0.01) at 6 weeks postoperatively.

VAS scores

As shown in Fig. 5, five studies [12-15, 18] with 281
patients had data on VAS scores. Lower heterogeneity
was found for the VAS scores (2 =0%, I>=12%, I> = 0%)

at 6th, 12th, and 48th week postoperatively, although
no significant differences were observed between EM

and LM group (P> 0.05).



Test for overall effect: Z= 4.22 (P < 0.0001)
Test for subaroun differences: Chi*=11.46. df=4 (P=0.02). F=65.1%

Fig. 7 Forest plot of flexion in a meta-analysis

early motion late motion
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early motion late motion Mean Difference Mean Difference

Study or Subgrou| Mean SD_Total Mean SD _Total Weight IV, Random, 95% CI IV, Random, 95% CI
6.1.1 2 weeks
Brehmer 2014 36 11.66 36 29 11.66 42 4.4% 7.00[1.81,1219]
Zeckey 2020 30 131 25 20 5 25 43% 10.00[4.50,15.50] —
Subtotal (95% CI) 61 67 8.8% 8.41[4.64,12.19] >
Heterogeneity: Tau®= 0.00; Chi*= 0.60, df=1 (P =0.44); F=0%
Test for overall effect: Z= 4.37 (P < 0.0001)
6.1.2 6 weeks
Brehmer 2014 56 21.86 36 39 21.86 42 32% 17.00[7.27,26.73] I
Clementsen 2019 38.2 16 57 377 15686 62 43% 0.50[-5.19,6.19) -
Quadlbauer 2017 4533 876 15 2077 11.88 15  3.8% 24.56(17.09,32.03] —
Sorensen 2020 25.4 9.3 47 278 121 48  46% -240[-6.73,1.93]
Watson 2018 523 159 46 398 152 46 41% 1250(6.14,18.86)
Zeckey 2020 40 10 25 25 94 25 44% 15.00[9.62,20.38] =
Subtotal (95% CI) 226 238 24.5% 10.87[2.30, 19.45] e
Heterogeneity: Tau*= 103.38; Chi*= 59.36, df= 5 (P < 0.00001); F= 92%
Test for overall effect: Z= 2.49 (P =0.01)
6.1.3 12 weeks
Brehmer 2014 75 13.33 36 67 13.33 42 42% 8.00[2.07,13.93] -
Clementsen 2019 514 148 57 51 111 62 45% 0.40[-4.33,5.13) =T
Lozano 2008 55 125 30 56 18.75 30 37%  -1.00[-9.06, 7.06] - T
Quadlbauer 2017 60.33 10.26 15 50 17.56 15 31% 10.33[0.04,2062]
Sorensen 2020 452 8.8 47 432 116 48  47% 2.00[-2.14,6.14) =
Zeckey 2020 50 5 25 30 11.25 25 45% 20.00[15.17,24.83] I
Subtotal (95% ClI) 210 222 24.7% 6.62[-0.42, 13.65] i
Heterogeneity: Tau®= 66.40; Chi*= 45.09, df= 5 (P < 0.00001); F=89%
Test for overall effect: Z=1.84 (P=0.07)
6.1.4 24 weeks
Brehmer 2014 65 11.05 36 60 11.05 42 45% 5.00[0.08,9.92) [
Lozano 2008 68 13.75 30 67 1525 30 39% 1.00 [-6.35, 8.35) — 1
Quadlbauer 2017 69.67 9.72 15 58.85 1596 15  3.3% 10.82[1.36,20.29]
Sorensen 2020 51.8 8 47 513 117 48  47% 0.50[-3.52,4.52) =
Watson 2018 61 15 46 61.7 111 46 44%  -0.70[-6.09, 4.69] S
Zeckey 2020 40 5 25 40 815 25  48% 0.00[-3.75,3.75) 1
Subtotal (95% CI) 199 206 25.5% 1.72[-0.84, 4.29] <>
Heterogeneity: Tau*= 3.04; Chi*=7.19, df=5 (P = 0.21); IF= 30%
Test for overall effect: Z=1.32 (P=0.19)
6.1.5 48 weeks
Clementsen 2019 59.7 137 57 61 103 62 46% -1.30[-5.68,3.08] G
Quadlbauer 2017 68.67 10.86 15 63.46 14.05 15 34% 521[3.78,14.20 i
Sorensen 2020 56.5 9.7 47 546 1" 48  47% 1.90 [-2.27,6.07) T=
Zeckey 2020 50 125 25 40 15 25 38% 10.00([2.35,17.65] S
Subtotal (95% CI) 144 150 16.5% 2.97 [-1.43,7.38] o
Heterogeneity: Tau®= 10.87; Chi*= 6.87, df= 3 (P = 0.08); F= 56%
Test for overall effect: Z=1.32 (P=0.19)
Total (95% Cl) 840 883 100.0% 6.15 [3.30, 9.01] <>
Heterogeneity: Tau®= 40.97; Chi*= 145.02, df= 23 (P < 0.00001); = 84% 2 10 o0 10 20

GS

As shown in Fig. 6, seven studies [10, 12-14, 17, 26, 27]
with 518 patients described data on the grip strength
(Kg). The summarized outcomes were evaluated as a
slightly moderate or lower heterogeneity, with I*=0%,
55%, 10%, 75%, and 0% at the 2nd, 6th, 12th, 24th, and
48th week postoperatively. Meta-analysis showed that

the EM group had a statistically better grip strength than
the LM group at 2nd and 6th week postoperatively, with
MD of 2.30 (95% CI 1.10-3.51, P<0.01) and 3.11 (95% CI
1.27-4.95, P<0.01), respectively.
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early motion late motion Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% Cl IV, Random, 95% CI
6.2.1 2 weeks
Brehmer 2014 44 898 36 42 898 42 46% 2.00 [-2.00, 6.00] T
Zeckey 2020 30 6.25 25 20 6.25 25 47% 10.00(6.54,13.46) -
Subtotal (95% Cl) 61 67 9.3%  6.06[-1.77, 13.90] e
Heterogeneity: Tau®*= 28.36; Chi*=8.79, df=1 (P = 0.003); *= 89%
Test for overall effect. Z=1.52 (P=0.13)
6.2.2 6 weeks
Brehmer 2014 62 16.66 36 52 16.66 42  36% 10.00(2.58,17.42) I
Clementsen 2019 469 183 57 429 174 62 39% 4.00(-2.43,10.43) ]
Quadlbauer 2017 4533 8.76 15 20.77 11.88 15 36% 24.56(17.09,32.03) E—
Sorensen 2020 34 104 47 342 127 48  4.4% -0.20[-4.86, 4.46) T
Watson 2018 457 145 46 378 139 46  41% 7.90(2.10,13.70)
Zeckey 2020 30 5 25 20 685 25 47% 10.00(6.68,13.32) -
Subtotal (95% Cl) 226 238 24.4%  9.06[3.24, 14.88] ~—
Heterogeneity: Tau®= 43.83; Chi*= 33.89, df= 5 (P < 0.00001); F=85%
Test for overall effect: Z= 3.05 (P = 0.002)
6.2.3 12 weeks
Brehmer 2014 72 1424 36 68 14.24 42 39% 4.00[-2.34,10.34) ]
Clementsen 2019 622 145 57 601 143 62 43% 210[-3.08,7.28] -1
Lozano 2008 49 125 30 51 13.75 30 3.8% -2.00[-8.65, 4.65] R
Quadlbauer 2017 59.33 11.48 15 50.39 12.16 15  3.3% 8.94(0.48,17.40)
Sorensen 2020 53.6 9.3 47 507 11.2 48  45% 2.90([-1.24,7.04) T
Zeckey 2020 40 5 25 40 10 25  45% 0.00[-4.38,4.38] 1
Subtotal (95% CI) 210 222 24.4% 2.06 [-0.22, 4.34]
Heterogeneity: Tau®= 0.53; Chi*=5.34, df=5 (P=0.38), F= 6%
Test for overall effect. Z=1.77 (P = 0.08)
6.2.4 24 weeks
Brehmer 2014 70 7.72 36 69 7.72 42  47% 1.00[-2.44,4.44] T
Lozano 2008 56 125 30 59 125 30 39% -3.00[-9.33,3.33] - 1
Quadlbauer 2017 7233 11.32 15 58.85 12.27 15 33% 13.48(5.03,21.93)
Sorensen 2020 59.8 8.3 47 585 93 48  47% 1.30[-2.24, 4.84) T
Watson 2018 544 134 46 583 8.7 46  4.4% -3.90([-8.52,0.72) /T
Zeckey 2020 425 5 25 55 10 25 45% -1250[-16.88,-8.12) -
Subtotal (95% Cl) 199 206 25.6% -1.09 [-6.60, 4.41] e
Heterogeneity: Tau®= 40.24; Chi*= 41.89, df= 5 (P < 0.00001); F= 88%
Test for overall effect: Z=0.39 (P = 0.70)
6.2.5 48 weeks
Clementsen 2019 674 129 57 691 86 62  46% -1.70 [-5.67,2.27] -1
Quadlbauer 2017 74 10.04 15 67.31 11.11 15  36% 6.69[-0.89,14.27) 7
Sorensen 2020 63.5 85 47 617 10 48  46% 1.80[-1.93,5.53] T
Zeckey 2020 50 16.25 25 50 10 25 3.6% 0.00[-7.48,7.48] S
Subtotal (95% Cl) 144 150 16.4% 0.99 [-2.03, 4.01] -
Heterogeneity: Tau®= 2.67; Chi*= 4.16, df= 3 (P = 0.24); F= 28%
Test for overall effect: Z=0.64 (P=0.52)
Total (95% Cl) 840 883 100.0% 3.30[0.70, 5.90] >
Heterogeneity: Tau®= 34.28; Chi*= 154.20, df= 23 (P < 0.00001); = 85% = ' ? 5 5

Test for overall effect: Z=2.49 (P=0.01)
Test for subaroun differences: Chi*=8.28. df=4 (P=0.08). F=51.7%

Fig. 8 Forest plot of extension in a meta-analysis

early motion late motion

WROM

As shown in Figs. 7, 8, 9, 10, 11 and 12, the WROM was
reported in six directions in the pooled flexion, exten-
sion, supination, pronation, radial deviation, and ulnar
deviation. At the 6th week, flexion (MD =10.87, 95%
CI 2.30-19.45, P=0.01), extension (MD=9.06, 95%
CI 3.24-14.88, P<0.01), pronation (MD=3.93, 95%

CI 1.37-6.50, P<0.01), supination (MD =5.63, 95% CI
2.10-9.16, P<0.01) and radial deviation (MD=1.99,
95% CI 0.46-3.51, P=0.01) had better performance in
the EM group in comparison with the LM group.
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early motion late motion Mean Difference Mean Difference
Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% ClI
6.3.1 6 weeks
Brehmer 2014 75 15 36 66 15 42 39%  9.00(2.32,15.68)
Clementsen 2019 604 274 57 598 265 62 20% 0.60[-9.10,10.30)
Quadlbauer 2017 57 2227 15 43.85 15.02 15  1.1% 13.15(-0.44, 26.74) >
Sorensen 2020 648 156 47 624 168 48  41% 2.40[-4.12,8.92) e
Watson 2018 659 156 46 597 172 46  39% 6.20[-0.51,12.91) T
Subtotal (95% ClI) 201 213 15.0% 5.63[2.10,9.16] -~
Heterogeneity: Tau®*= 0.64; Chi*= 4.16, df=4 (P = 0.39); F= 4%
Test for overall effect: Z=3.12 (P = 0.002)
6.3.2 12 weeks
Brehmer 2014 86 13.32 36 82 13.32 42 47% 4.00[-1.93,9.93)
Clementsen 2019 758 185 57 786 155 62 44% -2.80[-8.96, 3.36) [ R
Lozano 2008 80 11.25 30 83 11.25 30 50% -3.00[-8.69,2.69) R R
Quadlbauer 2017 7367 1564 15 70.38 17.61 15  1.4% 3.29[-8.63,15.21)
Sorensen 2020 776 108 47 752 114 48 71% 2.40[-2.06, 6.86) -1
Subtotal (95% CI) 185 197 22.7%  0.59[-2.37, 3.55] N
Heterogeneity: Tau*=1.91; Chi*= 4.79, df= 4 (P=0.31), F=16%
Test for overall effect: Z=0.39 (P = 0.70)
6.3.3 24 weeks
Brehmer 2014 84 1322 36 79 13.22 42 48% 5.00(-0.89,10.89) T
Lozano 2008 88 375 30 88 6.25 30 128% 0.00[-2.61,2.61) I
Quadlbauer 2017 8367 7.67 15 75.39 12.66 15 32%  8.28(0.79,15.77) -
Sorensen 2020 82 7.7 47 80.2 8.2 48 106% 1.80 [-1.40, 5.00) T
Watson 2018 72 126 46 705 113 46 6.3% 1.50 [-3.39, 6.39) —
Subtotal (95% ClI) 174 181 37.7%  2.03[-0.24,4.29] -
Heterogeneity: Tau*= 2.03; Chi*=5.80,df=4 (P=0.21); F=31%
Test for overall effect: Z=1.75 (P = 0.08)
6.3.4 48 weeks
Clementsen 2019 845 108 57 859 6.3 62 105% -1.40[-4.61,1.81) I
Quadlbauer 2017 82 11.46 15 79.23 11.88 15 27% 277[-558,11.12)
Sorensen 2020 845 7 47 828 7.7 48 11.4% 1.70 [-1.26, 4.66) T
Subtotal (95% Cl) 119 125 24.7%  0.44[-1.87,2.75] .
Heterogeneity: Tau*= 0.53; Chi*=2.26, df= 2 (P=0.32); F=11%
Test for overall effect: Z=0.37 (P=0.71)
Total (95% Cl) 679 716 100.0% 1.89[0.43, 3.34] <
Heterogeneity: Tau®= 2.55; Chi*= 23.90, df=17 (P = 0.12); F= 29% T = 5 —h

Test for overall effect: Z= 2.54 (P = 0.01)
Test for subaroun differences: Chi*=6.52. df=3 (P = 0.09). F=54.0%

Fig. 9 Forest plot of supination in a meta-analysis

early motion late motion

Complications

As shown in Fig. 13, nine RCTs [10, 12-15, 17, 18, 26,
27] with 596 patients recorded related complication
rates. However, no heterogeneity (I>= 0%, I* = 0%) from
the implant loosening and/or fracture re-displacement
complication and overall complications was detected.
Interestingly, the pooled result on the rate of implant
loosening and/or fracture re-displacement complica-
tions showed that the EM led to a potentially higher
proportion than LM, with RR of 3.00 (95% CI 1.02-
8.83, P=0.05). The overall complications rate outcome
had no statistical difference between the two groups
(RR=1.16, 95% CI 0.72-1.87, P=0.54). The detailed
occurrence of complications is listed in Table 2.

Heterogeneity analyses

Heterogeneity in data was resulted due to the inconsist-
encies found in the intervention protocol between the
included RCTs. The sensitivity analysis was conducted
to explore the impact of individual studies by exclud-
ing one study at each time. In the DASH, GS, flexion,
extension, pronation, and ulnar deviation pooled analy-
sis, heterogeneity showed a significant reduction when
excluding one or two studies. Still, no significant differ-
ence was observed in comparison with previous results.
The detailed outcomes are shown in Additional file 2.
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early motion late motion

Study or Subgroup  Mean SD_Total Mean SD _Total Weight IV, Random, 95% CI IV, Random, 95% CI
6.4.1 6 weeks

Brehmer 2014 80 1092 36 77 10892 42  3.0% 3.00 [-1.86, 7.86) I

Clementsen 2019 793 134 57 742 152 62 27% 5.10[-0.04,10.24) 1

Quadlbauer 2017 61.67 13.97 15 5115 13.56 15 0.8% 1052[0.67,20.37] 5
Sorensen 2020 749 8.3 47 7341 17 48  25% 1.80[-3.56,7.16) S
Watson 2018 742 144 46 702 156 46  19% 4.00[-214,1014)]

Subtotal (95% Cl) 201 213 11.0%  3.93[1.37,6.50] .
Heterogeneity: Tau*= 0.00; Chi*= 2.66, df= 4 (P=0.62); F=0%

Test for overall effect: Z= 3.00 (P = 0.003)

6.4.2 12 weeks

Brehmer 2014 82 15 36 81 15 42 1.7% 1.00 [-5.68, 7.68]

Clementsen 2019 836 103 57 819 123 62 42% 1.70[-2.36,5.76) ==
Lozano 2008 88 5 30 88 4.25 30 10.2% 0.00[-2.35, 2.35) ——
Quadlbauer 2017 77 592 15 7531 13.37 15  1.4% 1.69 [-5.71,9.09]

Sorensen 2020 82.2 54 47 798 6.4 43 10.0% 2.40(0.02,4.78) =
Subtotal (95% ClI) 185 197 27.4% 1.26 [-0.21,2.74] >
Heterogeneity: Tau*= 0.00; Chi*= 2.05, df= 4 (P=0.73); F= 0%

Test for overall effect: Z=1.68 (P = 0.09)

6.4.3 24 weeks

Brehmer 2014 81 8.44 36 83 844 42  48% -2.00[5.76,1.76) —

Lozano 2008 90 25 30 90 1.75 30 236% 0.00[-1.09,1.09] =
Quadlbauer 2017 81.67 588 15 80.77 76 15  3.0% 0.90 [-3.96, 5.76) ]

Sorensen 2020 846 42 47 816 59 48 12.3% 3.00[0.94, 5.086) =
Watson 2018 783 102 46 781 9.3 46  4.3% 0.20[-3.79,4.19] — e
Subtotal (95% CI) 174 181 48.0% 0.63[-1.07, 2.34] -
Heterogeneity. Tau*=1.73; Chi*=8.23, df= 4 (P=0.08); F=51%

Testfor overall effect Z=0.73 (P=0.47)

6.4.4 48 weeks

Clementsen 2019 87 6.1 57 86 6 62 11.3% 1.00[-1.18,3.18) i
Quadibauer 2017 82 592 15 8231 9.27 15  23%  -0.31[-5.88,5.26]

Subtotal (95% CI) 72 77 13.7% 0.83[-1.20, 2.85] i
Heterogeneity: Tau*= 0.00; Chi*=0.18, df=1 (P = 0.67); F= 0%

Test for overall effect: Z=0.80 (P=0.42)

Total (95% ClI) 632 668 100.0% 1.20[0.32, 2.08] <
Heterogeneity: Tau®= 0.54; Chi*= 19.51, df= 16 (P = 0.24); F=18% hn t 5 L 1

Test for overall effect: Z= 2.67 (P = 0.008)
Test for subaroun differences: Chi*=4.84. df=3(P=0.18). F=381%

Fig. 10 Forest plot of pronation in a meta-analysis

Mean Difference Mean Difference

early motion late motion

Publication bias

Begg’s rank correlation and Egger’s weighted regres-
sion analysis were performed separately to investigate
the publication bias. A P value of<0.05 was considered
publication bias. The P values for all pooled analyses are
presented in Additional file 3(all P>0.05). No obvious
publication bias was found in all the studied outcomes.

Quality of the evidence in the GRADE system

As shown in Additional file 4, a total of 43 outcomes,
including subgroup analysis of this meta-analysis, were
evaluated by the GRADE system. The evidence quality
for all outcomes was either moderate or low, suggesting
our meta-analysis had overall moderate evidence quality.

Discussion

The primary finding of this study revealed that EM
yielded a significantly better DASH score than LM
at 6 weeks (MD of—10.15 points) postoperatively, in
patients with acute displaced DRFs followed by ORIF.
Moreover, this difference reached the MCID defined as
10 points in DASH [28]. Although the mean difference at
24-week DASH between EM and LM was statistically dif-
ferent (MD = —1.77 points, P < 0.05), which did not reach
MCID (10 points). EM group also outperformed the LM
group in PRWE at 6 weeks. However, the EM group had a
similar clinical outcome score at 12 weeks to final follow-
up (>1 year) compared to the LM. The primary finding
revealed that at the earlier stages, the function of injured
limbs recovers more quickly in EM cohorts with DRF of
ORIE.
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Fig. 11 Forest plot of radial deviation in a meta-analysis

Secondary findings at postoperative 2"¢ and 6" week
showed a significantly better GS for EM compared to
the LM. Nonetheless, comparing with LM, EM might
be involved in a similar VAS score at 1-year follow-
up. Regarding WROM, in postoperative 6" week, EM
showed significant improvement in terms of flexion,
extension, pronation, supination, and radial deviation
than LM. However, EM showed a potentially higher pro-
portion of implant loosening and/or fracture re-displace-
ment complications than LM (P=0.05).

Postoperative EM improved the patient’s quality of life
and physical comfort [10, 29], and therefore assures the
individuals early return to activities of daily living and
work. Despite the lack of supporting studies demonstrat-
ing its effectiveness, immobilization has been empirically
used to provide analgesia after surgery [30, 31]. The latest
Cochrane Database Review published in 2015 by Handoll
et al. [8] on rehabilitation for DRFs pointed out that as in

2006 [32], there is a lack of sufficient evidence about the
effectiveness of the various rehabilitation programs after
ORIF for DRE. Considering the biomechanical studies,
the fixation of DRFs with a locking plate provides a five
times higher stability than the forces caused by the active
finger movement [33], suggesting the internal fixation
treatment offers a strong fixation that meets the need
for the early mobilization of these patients. However, the
included studies had slight variable definitions of early
mobilization. For example, Sgrensen et al. [10] instructed
the EM group to start nonweight-bearing exercises of
the wrist and fingers from the postoperative first day,
whereas Dennison et al. [18] required EM patients to
gradually start active and passive wrist exercises on the
14th day after surgery. However, most of the studies
included gradual movement of the wrist joints without
a rigid fixation within 2 weeks or immediately after the
operation.
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Fig. 12 Forest plot of ulnar deviation in a meta-analysis

To obtain a comparable and conclusive outcome,
researches on EM versus LM after ORIF for DRFs with
more high-quality large RCTs were included. The results
suggested that patients treated with EM may get bet-
ter clinical outcomes at an early stages which was in-
concurrence with the previous studies [13, 17, 18, 26,
27]. As there was no statistical difference observed for
the long term between the two groups, the difference in
the functional results during the early stages between
the two groups might have caused by the residual rigid-
ity of the cast in the LM group [17]. However, at the 6th
week, the pain scores of the two groups were similar,
which was consistent with the study of Dennison et al.
[17]. Furthermore, these results were possibly influenced
by the imbalance in opioid use between the two groups.
Andrade et al. [15] have shown that patients with EM
tend to use more tramadol; therefore, we could not make
a clear conclusion on the pain score. However, the pooled
analysis showed that the EM group had a potentially

higher risk of implant loosening and/or fracture re-dis-
placement complication (P=0.05), which occurred 5.5
times more (11:2) in EM than the LM group. Although
the slight difference in implant loosening could be a com-
plication resulting from immature surgical technology
[10], which is still a new discovery compared to the previ-
ous literatures that compared EM with LM [13, 17, 27].
EM for patients with DRF after ORIF fracture positively
affects functional recovery, but the risk of failure for frac-
ture healing must also be considered [17], as it increases
the risk of secondary surgery for these patients. The com-
plications do have negative impact on healthcare budget
as well as on the patient’s total well-being. Consequently,
EM is not completely safe and flawless, so we recom-
mend in exercise caution for extrapolating our outcomes,
especially for the health care policymakers and patients.
The current study had some limitations. Firstly, our
study was limited by the number of matches and avail-
able RCTs in the database; therefore, we could not
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Table 2 Details of complications

Complication No. of studies EM LM
Complex regional pain syn- 7 9 15
drome/prolonged pain

Carpal tunnel syndrome 5 10 10
Tendon rupture 5 3 1
Implant loosening and/or frac- 7 11 2

ture re-displacement

perform the subgroup analysis and the pooled analy-
sis for radiographic outcomes. Secondly, the included
patients in each of the 9 RCTs were slightly different
for the age bracket and mechanism of injury, as DRF in
the elderly is often caused by low energy injury, while
in young people, it is often associated with high energy
injury and accompanied by polytrauma. Therefore, our
results may vary due to variable age range. Thirdly,
variation in internal fixed implants of included studies
may also affect the outcomes. Fourthly, our research

does not have a cost—benefit analysis as we could not
remark on the potential cost differences of EM from
the perspective of patients or society. Consequently,
we could not remark on whether EM has the theo-
retical advantage of returning to work faster than
LM. Lastly, each study had a different detailed reha-
bilitation program for the EM, which had an inherent
impact on the functional scores.

Conclusion

We showed that although EM had significantly better
DASH, PRWE, GM, and WROM at earlier stages, EM
and LM had similar clinical outcomes during the long-
term follow-up period. Moreover, studied cases had a
higher potential for implant loosening and/or fracture re-
displacement complication rate when subjected to EM.
Therefore, in the future, the optimal rehabilitation proto-
col for DRF of ORIF should be individualized, depending
on the fracture types and degree of osteoporosis.
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