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Efficiency and productivity of community rehabilitation centres during service expansion in Shanghai, China: a longitudinal data envelopment analysis
Supplementary Methods, Tables S1–S12 and Figure S1 provide model details, variable definitions, centre-level results, descriptive classifications, implementation information and sensitivity analyses cited in the main manuscript.
Supplementary Methods
Static efficiency was estimated with a non-oriented global super-efficiency slacks-based measure. The objective minimises the average proportional input excesses and output shortfalls subject to the observed production technology; a frontier centre-year is compared with a reference set that excludes that observation. Constant-returns and variable-returns technologies yield OTE and PTE, respectively.
Scale identity: SE = OTE / PTE.
The output-oriented global Malmquist index used a common reference technology across all years. TFPCH represents total factor productivity change, EFFCH catch-up to the frontier and TECHCH movement of the empirical frontier. EFFCH is further decomposed into PECH and SECH.
Productivity identities: TFPCH(t,t+1) = EFFCH(t,t+1) × TECHCH(t,t+1); EFFCH(t,t+1) = PECH(t,t+1) × SECH(t,t+1).
The archived parameter file specified no undesirable outputs. Annual multiplicative indices were summarised using geometric means, and cumulative 2020–2024 change was the product of the four adjacent-period indices.
Table S1. Variable definitions and analytical roles
	Variable
	Role
	Operational definition
	Unit/coding

	Equipment value
	Input
	Value of rehabilitation equipment
	RMB 10,000

	Treatment area
	Input
	Area used for rehabilitation treatment
	m²

	Rehabilitation workforce
	Input
	Dedicated rehabilitation staff
	FTE

	Service items delivered
	Output
	Rehabilitation service types delivered
	Number

	Annual rehabilitation visits
	Output
	Rehabilitation treatment attendances
	Visits

	Treatment effectiveness
	Output
	Proportion meeting the functional-improvement criterion
	%

	Annual rehabilitation revenue
	Output
	Medical-service revenue attributed to rehabilitation
	RMB 10,000

	Patient satisfaction
	Output
	Composite annual satisfaction score
	0–100

	Medical-alliance participation
	Exposure
	Formal rehabilitation-alliance membership by year-end
	Binary

	Two-way referral
	Exposure
	Operational referral pathway with a higher-level hospital
	Binary

	Regional setting
	Stratifier
	Central-urban, inner-suburban or outer-suburban group
	Categorical


Note. FTE, full-time equivalent; RMB, renminbi.
Table S2. Centre-level static efficiency and returns to scale, 2024
	Centre
	Region
	OTE
	PTE
	SE
	RTS

	A1
	Outer suburban
	0.275
	0.291
	0.946
	DRS

	A2
	Outer suburban
	0.585
	0.615
	0.951
	IRS

	A3
	Outer suburban
	0.129
	0.150
	0.858
	DRS

	A4
	Outer suburban
	0.702
	0.733
	0.958
	IRS

	A5
	Outer suburban
	0.169
	0.177
	0.956
	DRS

	A6
	Outer suburban
	0.519
	0.532
	0.976
	DRS

	A7
	Outer suburban
	0.539
	0.539
	1.000
	CRS

	A8
	Outer suburban
	0.216
	0.217
	0.995
	DRS

	A9
	Outer suburban
	0.201
	0.201
	0.999
	DRS

	A11
	Outer suburban
	0.698
	0.698
	1.000
	CRS

	A13
	Outer suburban
	0.397
	0.397
	1.000
	CRS

	A15
	Outer suburban
	0.624
	0.624
	1.000
	CRS

	B1
	Outer suburban
	0.475
	0.503
	0.945
	IRS

	B2
	Outer suburban
	0.426
	0.564
	0.755
	IRS

	B3
	Outer suburban
	1.005
	1.005
	1.000
	DRS

	B4
	Outer suburban
	0.287
	1.000
	0.287
	DRS

	B5
	Outer suburban
	0.472
	0.493
	0.958
	DRS

	B6
	Outer suburban
	0.409
	0.414
	0.989
	DRS

	B7
	Outer suburban
	0.138
	0.151
	0.913
	DRS

	B8
	Outer suburban
	0.279
	0.281
	0.992
	DRS

	B9
	Outer suburban
	0.452
	0.454
	0.994
	IRS

	C1
	Central urban
	0.294
	0.299
	0.984
	DRS

	C2
	Central urban
	0.942
	0.942
	1.000
	IRS

	C3
	Central urban
	0.284
	0.306
	0.927
	DRS

	C4
	Central urban
	0.334
	1.006
	0.332
	DRS

	C5
	Central urban
	0.329
	0.506
	0.651
	DRS

	C6
	Central urban
	0.426
	0.563
	0.757
	IRS

	D1
	Inner suburban
	0.174
	0.251
	0.692
	DRS

	D2
	Inner suburban
	0.354
	1.000
	0.354
	DRS

	D3
	Inner suburban
	0.196
	0.199
	0.985
	DRS

	D4
	Inner suburban
	0.234
	0.280
	0.834
	DRS

	D5
	Inner suburban
	0.721
	0.721
	1.000
	CRS

	D6
	Inner suburban
	0.204
	0.303
	0.673
	DRS

	D7
	Inner suburban
	0.229
	0.244
	0.938
	DRS

	D8
	Inner suburban
	1.004
	1.005
	0.999
	IRS

	E3
	Inner suburban
	0.319
	0.323
	0.986
	DRS

	E4
	Inner suburban
	0.636
	1.001
	0.635
	DRS

	E5
	Inner suburban
	0.312
	0.403
	0.775
	DRS

	E6
	Inner suburban
	1.030
	1.042
	0.989
	DRS

	F1
	Central urban
	0.220
	0.262
	0.837
	DRS

	F2
	Central urban
	0.137
	0.269
	0.509
	DRS

	F3
	Central urban
	0.233
	0.246
	0.947
	DRS

	F4
	Central urban
	0.203
	0.878
	0.231
	DRS

	F5
	Central urban
	0.466
	0.502
	0.928
	DRS

	F6
	Central urban
	0.434
	0.436
	0.996
	DRS

	F7
	Central urban
	0.247
	0.317
	0.778
	DRS

	F8
	Central urban
	0.310
	0.317
	0.979
	DRS

	F9
	Central urban
	0.427
	0.444
	0.963
	DRS


Note. Scores are the 2024 global super-efficiency SBM results. CRS, constant returns to scale; DRS, decreasing returns to scale; IRS, increasing returns to scale; OTE, overall technical efficiency; PTE, pure technical efficiency; RTS, returns to scale; SE, scale efficiency.
Table S3. Centre-level five-year mean static efficiency
	Centre
	Region
	OTE
	PTE
	SE
	RTS

	A1
	Outer suburban
	0.352
	0.601
	0.711
	DRS

	A2
	Outer suburban
	0.659
	0.681
	0.967
	IRS

	A3
	Outer suburban
	0.166
	0.185
	0.893
	DRS

	A4
	Outer suburban
	0.552
	0.562
	0.985
	IRS

	A5
	Outer suburban
	0.183
	0.186
	0.982
	DRS

	A6
	Outer suburban
	0.576
	0.638
	0.922
	DRS

	A7
	Outer suburban
	0.662
	0.663
	1.000
	CRS

	A8
	Outer suburban
	0.212
	0.214
	0.992
	DRS

	A9
	Outer suburban
	0.185
	0.620
	0.465
	DRS

	A11
	Outer suburban
	0.849
	0.850
	0.999
	CRS

	A13
	Outer suburban
	0.551
	0.600
	0.912
	CRS

	A15
	Outer suburban
	0.844
	0.860
	0.984
	CRS

	B1
	Outer suburban
	0.726
	0.738
	0.977
	IRS

	B2
	Outer suburban
	0.364
	0.460
	0.811
	IRS

	B3
	Outer suburban
	1.006
	1.006
	1.000
	DRS

	B4
	Outer suburban
	0.419
	0.563
	0.850
	DRS

	B5
	Outer suburban
	0.541
	0.555
	0.974
	DRS

	B6
	Outer suburban
	0.351
	0.355
	0.987
	DRS

	B7
	Outer suburban
	0.168
	0.178
	0.934
	DRS

	B8
	Outer suburban
	0.422
	0.441
	0.963
	DRS

	B9
	Outer suburban
	0.411
	0.414
	0.992
	IRS

	C1
	Central urban
	0.345
	0.358
	0.961
	DRS

	C2
	Central urban
	0.763
	0.810
	0.914
	IRS

	C3
	Central urban
	0.606
	0.784
	0.802
	DRS

	C4
	Central urban
	0.371
	0.610
	0.668
	DRS

	C5
	Central urban
	0.595
	0.807
	0.755
	DRS

	C6
	Central urban
	0.412
	0.451
	0.918
	IRS

	D1
	Inner suburban
	0.198
	0.248
	0.805
	DRS

	D2
	Inner suburban
	0.349
	0.729
	0.605
	DRS

	D3
	Inner suburban
	0.206
	0.209
	0.987
	DRS

	D4
	Inner suburban
	0.329
	0.357
	0.915
	DRS

	D5
	Inner suburban
	0.660
	0.666
	0.989
	CRS

	D6
	Inner suburban
	0.209
	0.264
	0.798
	DRS

	D7
	Inner suburban
	0.430
	0.544
	0.867
	DRS

	D8
	Inner suburban
	0.788
	0.823
	0.947
	IRS

	E3
	Inner suburban
	0.385
	0.521
	0.837
	DRS

	E4
	Inner suburban
	0.646
	0.872
	0.750
	DRS

	E5
	Inner suburban
	0.353
	0.382
	0.924
	DRS

	E6
	Inner suburban
	0.783
	0.845
	0.898
	DRS

	F1
	Central urban
	0.237
	0.259
	0.915
	DRS

	F2
	Central urban
	0.226
	0.287
	0.785
	DRS

	F3
	Central urban
	0.314
	0.319
	0.984
	DRS

	F4
	Central urban
	0.199
	0.656
	0.358
	DRS

	F5
	Central urban
	0.521
	0.550
	0.948
	DRS

	F6
	Central urban
	0.490
	0.494
	0.993
	DRS

	F7
	Central urban
	0.254
	0.279
	0.914
	DRS

	F8
	Central urban
	0.285
	0.290
	0.980
	DRS

	F9
	Central urban
	0.424
	0.442
	0.961
	DRS


Note. Scores are arithmetic means across 2020–2024. RTS is the centre-level label in the consolidated export. OTE, overall technical efficiency; PTE, pure technical efficiency; RTS, returns to scale; SE, scale efficiency.
Table S4. Five-category static diagnostic based on five-year mean efficiency
	Diagnostic group
	n
	Centres
	Initial management response

	Frontier benchmark
	1
	B3
	Peer-learning candidate; verify robustness and case mix before dissemination

	Scale constraint dominant
	5
	A9, C5, D2, E4, F4
	Review capacity, service mix and demand–capacity alignment

	Management-limited at CRS
	5
	A7, A11, A13, A15, D5
	Prioritise workflow, skill mix and equipment-use improvement

	Expansion potential at IRS
	8
	A2, A4, B1, B2, B9, C2, C6, D8
	Consider targeted expansion only where access need is demonstrated

	Management/over-scale constraint at DRS
	29
	A1, A3, A5, A6, A8, B4, B5, B6, B7, B8, C1, C3, C4, D1, D3, D4, D6, D7, E3, E5, E6, F1, F2, F3, F5, F6, F7, F8, F9
	Combine process redesign with a review of excess or duplicated capacity


Note. This descriptive heuristic combines five-year mean PTE and SE with the exported centre-level RTS label. It is not a validated classification and should trigger review rather than automatic resource changes. PTE, pure technical efficiency; RTS, returns to scale; SE, scale efficiency.
Table S5. Centre-level mean annual productivity and decomposition
	Centre
	Region
	EFFCH
	TECHCH
	PECH
	SECH
	TFPCH

	A1
	Outer suburban
	0.876
	1.009
	1.000
	0.876
	0.884

	A2
	Outer suburban
	1.000
	1.001
	1.000
	1.000
	1.001

	A3
	Outer suburban
	1.062
	0.915
	1.002
	1.061
	0.973

	A4
	Outer suburban
	1.009
	0.996
	1.004
	1.005
	1.006

	A5
	Outer suburban
	0.935
	0.868
	1.009
	0.926
	0.811

	A6
	Outer suburban
	0.987
	1.008
	0.993
	0.994
	0.994

	A7
	Outer suburban
	1.000
	1.000
	1.000
	1.000
	1.000

	A8
	Outer suburban
	1.035
	0.999
	1.003
	1.031
	1.033

	A9
	Outer suburban
	0.805
	1.183
	0.997
	0.808
	0.952

	A11
	Outer suburban
	1.000
	0.970
	1.000
	1.000
	0.970

	A13
	Outer suburban
	0.956
	1.000
	0.986
	0.970
	0.956

	A15
	Outer suburban
	0.999
	1.000
	1.000
	0.999
	0.999

	B1
	Outer suburban
	0.976
	0.947
	0.980
	0.996
	0.925

	B2
	Outer suburban
	1.114
	0.999
	1.013
	1.100
	1.113

	B3
	Outer suburban
	1.000
	1.000
	1.000
	1.000
	1.000

	B4
	Outer suburban
	1.011
	0.998
	1.000
	1.011
	1.009

	B5
	Outer suburban
	1.006
	0.924
	1.000
	1.006
	0.930

	B6
	Outer suburban
	0.994
	0.997
	1.000
	0.994
	0.991

	B7
	Outer suburban
	0.975
	0.906
	1.002
	0.973
	0.883

	B8
	Outer suburban
	1.017
	1.013
	1.007
	1.010
	1.030

	B9
	Outer suburban
	1.078
	0.938
	1.012
	1.065
	1.011

	C1
	Central urban
	0.982
	1.000
	1.000
	0.982
	0.982

	C2
	Central urban
	1.000
	1.000
	1.000
	1.000
	1.000

	C3
	Central urban
	0.918
	0.968
	0.998
	0.920
	0.889

	C4
	Central urban
	1.000
	1.035
	1.000
	1.000
	1.035

	C5
	Central urban
	0.904
	0.999
	1.000
	0.904
	0.903

	C6
	Central urban
	1.034
	1.008
	1.004
	1.030
	1.043

	D1
	Inner suburban
	0.994
	0.887
	1.001
	0.993
	0.881

	D2
	Inner suburban
	0.977
	0.995
	1.000
	0.977
	0.972

	D3
	Inner suburban
	0.997
	1.000
	1.000
	0.997
	0.997

	D4
	Inner suburban
	0.991
	0.890
	1.000
	0.991
	0.882

	D5
	Inner suburban
	1.000
	1.000
	1.000
	1.000
	1.000

	D6
	Inner suburban
	1.105
	0.917
	1.000
	1.105
	1.013

	D7
	Inner suburban
	0.885
	0.888
	0.992
	0.893
	0.786

	D8
	Inner suburban
	1.000
	1.001
	1.000
	1.000
	1.001

	E3
	Inner suburban
	0.961
	1.013
	1.000
	0.961
	0.973

	E4
	Inner suburban
	1.005
	0.988
	1.000
	1.005
	0.992

	E5
	Inner suburban
	1.074
	0.888
	1.010
	1.063
	0.953

	E6
	Inner suburban
	1.000
	1.000
	1.000
	1.000
	1.000

	F1
	Central urban
	1.019
	0.969
	0.999
	1.019
	0.987

	F2
	Central urban
	0.948
	0.936
	0.999
	0.949
	0.887

	F3
	Central urban
	0.852
	0.950
	1.000
	0.852
	0.810

	F4
	Central urban
	1.086
	0.932
	1.000
	1.086
	1.012

	F5
	Central urban
	1.032
	0.946
	1.000
	1.032
	0.977

	F6
	Central urban
	1.018
	0.985
	1.000
	1.018
	1.003

	F7
	Central urban
	1.144
	0.899
	1.000
	1.144
	1.028

	F8
	Central urban
	1.196
	1.015
	1.005
	1.190
	1.214

	F9
	Central urban
	1.040
	0.948
	1.002
	1.038
	0.986


Note. Values are geometric means over four transitions. Centre identifiers are anonymised. EFFCH, efficiency change; PECH, pure technical efficiency change; SECH, scale efficiency change; TECHCH, technical change (empirical frontier movement); TFPCH, total factor productivity change.
Table S6. Six centre-level productivity profiles
	Profile
	n
	Centres
	Diagnostic interpretation

	Dual improvement
	3
	B8, C6, F8
	EFFCH>1 and TECHCH>1; document transferable operating practices

	Technology-led; efficiency constrained
	7
	A1, A2, A6, A9, C4, D8, E3
	TECHCH>1 and EFFCH≤1; strengthen absorptive and operating capability

	Technical-change constrained
	17
	A3, A4, A8, A11, B2, B4, B5, B9, D6, E4, E5, F1, F4, F5, F6, F7, F9
	EFFCH≥1 and TECHCH<1; investigate access to emerging or preserved best practice

	Efficiency-change constrained
	4
	A13, A15, C1, D3
	EFFCH<1 and TECHCH≥1; focus on local workflow and resource conversion

	Stagnant after rounding
	5
	A7, B3, C2, D5, E6
	TFPCH=1.000 at three decimals; monitor for meaningful change

	Dual deterioration
	12
	A5, B1, B6, B7, C3, C5, D1, D2, D4, D7, F2, F3
	EFFCH<1 and TECHCH<1; undertake combined operational and network review


Note. Classification used three-decimal mean annual indices, matching the precision reported in the source results. EFFCH, efficiency change; TECHCH, technical change (empirical frontier movement); TFPCH, total factor productivity change.
Table S7. Pooled centre-year returns to scale by region
	Region
	CRS
	DRS
	IRS
	Centre-years

	Central urban
	3 (4.0%)
	63 (84.0%)
	9 (12.0%)
	75

	Inner suburban
	6 (10.0%)
	46 (76.7%)
	8 (13.3%)
	60

	Outer suburban
	18 (17.1%)
	51 (48.6%)
	36 (34.3%)
	105


Note. Counts reproduce the source cross-tabulation. Because each centre contributes five observations, the pooled Pearson chi-square test does not satisfy independence and is not used for inference. CRS, constant returns to scale; DRS, decreasing returns to scale; IRS, increasing returns to scale.
Table S8. Annual adoption of integration indicators
	Year
	Medical alliance
	Functioning referral

	2020
	28 (58.3%)
	33 (68.8%)

	2021
	34 (70.8%)
	38 (79.2%)

	2022
	38 (79.2%)
	39 (81.2%)

	2023
	39 (81.2%)
	43 (89.6%)

	2024
	40 (83.3%)
	44 (91.7%)


Note. The denominator is 48 centres in every year.
Table S9. Unadjusted pooled efficiency comparisons by service-integration status
	Indicator
	Outcome
	n, no
	n, yes
	Median, no
	Median, yes
	P

	Medical-alliance participation
	OTE
	61
	179
	0.508
	0.341
	<0.001

	
	PTE
	61
	179
	0.567
	0.414
	<0.001

	
	SE
	61
	179
	0.993
	0.949
	<0.001

	Functioning two-way referral
	OTE
	43
	197
	0.539
	0.354
	0.001

	
	PTE
	43
	197
	0.558
	0.444
	0.011

	
	SE
	43
	197
	0.992
	0.955
	<0.001


Note. Two-sided Mann–Whitney tests pool centre-years and do not account for repeated observations, adoption timing, centre characteristics or common annual shocks. They are descriptive and are not estimates of policy effects. OTE, overall technical efficiency; PTE, pure technical efficiency; SE, scale efficiency.
Table S10. Joint fixed-effects sensitivity model for service-integration indicators
	Outcome
	Indicator
	β
	Robust SE
	% difference
	95% CI
	P

	OTE
	Medical alliance
	-0.100
	0.105
	-9.6
	-26.8 to 11.8
	0.344

	
	Two-way referral
	-0.032
	0.084
	-3.2
	-18.3 to 14.7
	0.705

	PTE
	Medical alliance
	-0.191
	0.152
	-17.4
	-39.1 to 12.1
	0.213

	
	Two-way referral
	-0.040
	0.094
	-4.0
	-20.4 to 16.0
	0.668

	SE
	Medical alliance
	0.091
	0.150
	+9.5
	-19.0 to 48.0
	0.546

	
	Two-way referral
	0.008
	0.065
	+0.8
	-11.6 to 15.0
	0.900


Note. Both integration indicators were entered simultaneously in log-linear models with centre and year fixed effects and centre-clustered robust standard errors (240 centre-years; 48 centres). Percentage differences are 100 × [exp(β) − 1]. CI, confidence interval; OTE, overall technical efficiency; PTE, pure technical efficiency; SE, scale efficiency.
Table S11. Actor-specific implementation responsibilities and indicators
	Accountable actor
	Core responsibility
	Minimum monitoring set
	Safeguard

	Municipal authority
	Set data definitions; allocate resources by need and efficiency profile; commission evaluation
	Waiting time; access by catchment; functional change; PTE/SE/RTS trajectory; equity
	Do not reward under-service or withdraw access capacity mechanically

	Lead hospital
	Deliver specialist support, training, shared protocols and closed-loop referral
	Response time; supervised cases; staff rotations; referral completion; feedback returned
	Prevent case retention and verify that capability is transferred

	Community centre
	Review workflow, scheduling, skill mix, equipment use and service-line costs
	Utilisation; cycle time; competency attainment; continuity; functional outcome; patient experience
	Protect necessary low-volume services and monitor case mix


Note. The matrix translates the diagnostic findings into testable implementation responsibilities. Proposed indicators were not available in the present dataset and should be piloted before use in payment or performance assessment. PTE, pure technical efficiency; RTS, returns to scale; SE, scale efficiency.
Table S12. Efficiency, returns to scale and productivity by regional setting, 2020–2024
	Region
	Centres
	OTE
	PTE
	SE
	DRS, %
	TECHCH
	TFPCH

	Central urban
	15
	0.403
	0.493
	0.857
	84.0
	0.972
	0.980

	Inner suburban
	12
	0.445
	0.538
	0.860
	76.7
	0.954
	0.952

	Outer suburban
	21
	0.486
	0.541
	0.919
	48.6
	0.983
	0.973

	Regional test P
	—
	0.701
	0.806
	0.058
	0.007
	0.604
	0.535


Note. OTE, PTE and SE are arithmetic means of centre-year scores; TECHCH and TFPCH are geometric mean annual indices. Efficiency and productivity tests used one centre-level mean per centre; the DRS P value compares each centre's five-year DRS proportion. DRS, decreasing returns to scale; OTE, overall technical efficiency; PTE, pure technical efficiency; SE, scale efficiency; TECHCH, technical change; TFPCH, total factor productivity change.
Figure S1. Static efficiency and global Malmquist productivity change in 48 community rehabilitation centres, 2020–2024. Panel A shows arithmetic means of OTE, PTE and SE. Panel B shows geometric means of TFPCH, EFFCH and TECHCH; the dotted line denotes no change (index=1).
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